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SIEMENS 


Clinically  Speaking" 


66  In  Pressure 
Regulated  Volume 
Control,  as  the 
patient's  compliance 
changes,  the  Servo 
Ventilator  300  with  its 
real-time  control,  adjusts 
to  find  the  lowest 
possible  pressure  to 
deliver  the  guaranteed 
volume.  9^ 


66  Recently,  a  patient 
who  had  ARDS  was 
placed  on  the  ventilator 
in  the  PRVC  mode. 
We  were  able  to 
ventilate  her  with 
consistently  low  peak 
airway  pressures, 
and  she  improved  at 
a  more  rapid  pace  than 
we  anticipated.  99 


66  The  flexibility  of  the 
Servo  300  is  superior. 
With  a  simple  turn  of  a 
dial,  you  can  make 
ventilatory  adjustments 
and  move  between 
different  modes.  99 


66  Just  as  the 
Servo  900C  did  when 
it  was  introduced,  the 
gas  delivery  system  of 
the  Servo  300  has  set 
a  new  standard.  99 


66  In  volume 
support,  the  Servo 
300  automatically 
fine-tunes  the  pressure 
support  level  breath- 
by-breath,  and  frees 
the  therapist  for 
other  duties.  It's 
much  more 
efficient.  99 


66  Patients  feel 
more  comfortable  on 
the  Servo  Ventilator 
300.  And  it  can  be 
used  with  neonates, 
pediatrics,  and  adults - 
one  ventilator, 
versus  many 
ventilators.  99 


Siemens  can  also  bring  you 
the  very  best  In  ventilator  care. 
For  more  information  on 
the  Servo  Ventilator  300® 
or  to  arrange  a  personal 
demonstration,  contact  your 
local  Siemens  representative. 
Or  call  toll-free. 


Siemens  Medical  Systems,  Inc. 

Patient  Care  Systems  Division 
16  Electronics  Avenue 
Danvers,  MA  01923 
Toli-Free  1-800-333-8646 


Siemens... 

technology  in  caring  hands. 
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NAEP  Adult 

Emergency 

Guidelines:^ 

PEFR  40-70% 
of  predicted 
vafue  after 
4  hrs  tx  in  ER. 
Consider 
hospitalization. 


Definitely 
hospitalize. 


<  25% 
Admit  to  ICU. 
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Crapo  RO,  Jackson  BR.  el  al  Eva 
Cftesy;0;(4);  948-952, 1992, 


Don't 
guess. 

Assess. 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.'  That's  why 
the  ASSESS"  Peak  Flow  Meter  should  be  a  vital  part  of 
youi"  aiTnamentaiium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expii-atory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometry."  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accui'acy  and  reproducibility.-^^ 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  yoiu-  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it  —  to  help  you  make  infonned  treatment 
decisions  in  line  with  N  AEP  recommendations.- 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  theii'  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  youi-  discharge  orders. 

For  more  infoimation  about  how  ASSESS  can  help 
you  deliver  better  asthma  care,  call  HealthScan 
Products  at  1-800-962-1266. 


^ 


STANDARD  RANGE 

60  to  880  L/min 


*  Peak  Flow 
Meter 


LOW  RANGE 

30  to  390  L/min 


Setting  the  standard 

for  peak  flow  monitoring. 
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Editorials,  Commentaries,  and  Reviews  To  Note 

Should  Inverse  Ratio  Ventilation  Be  Used  in  Adult  Respiratory  Distress  Syndrome?  (commen- 
tary)—C  Shanholt/.  R  Brower.  Am  J  Respir  Crit  Care  Med  1944:149:1354-1358. 

Treatment  of  Tuberculosis  and  Tuberculosis  Infection  in  Adults  and  Children  (statement) — 
American  Thoracic  Society.  Am  J  RespirCrit  Care  Med   1994:149: 1.359-1374. 

Nitric  Oxide  and  the  I>ung  (NHLBI  Workshop  summary)— WM  Zapol.  S  Rimar.  N  Gillis.  M 
Marietta.  CH  Bosken.  Am  J  Respir  Cril  Care  Med  1994;149:1375-1380. 

The  Journal's  Policy  on  Cost-Effectiveness  Analyses  (editorial) —  JP  Kassirer.  M  Angell.  N  Engl  J 
Med  l994:331(10):669-67(). 


Pulmonary  Immunopathulogy  of  Sudden 
Infant  Death  Syndrome — WJ  Howat.  IE 
Mmire.  M  Judd.  WR  Riiche.  Lancet  1994:343: 1 390. 

Sudden  infant  death  syndrome  (SIDS)  is  the 
most  common  cause  of  postneonatal  mortality  in 
the  UK.  Pathological  investigations  have  shown 
e\idence  suggestive  of  respiratory  obstruction 
with  subsequent  hypo.xia  leading  to  death.  We 
examined  48  infant.s  who  died  of  SIDS  and  30 
who  died  of  other,  non-pulmonary,  causes  and 
identified  pulmonary  eosinophil  and  neutrophil 
leucocytes,  mast  cells,  and  T  and  B  lymphocytes 
by  immunocytochemistry.  Positively  stained 
cells  were  counted  in  the  parenchyma  and 
around  the  bronchi  without  knowledge  of  the  tis- 
sue source.  The  results  showed  three  times  more 
eosinophils  in  the  lungs  of  infants  who  died  of 
SIDS  (27.61  vs7.91  |99%a  1 .76  to  5.87)  cells/mm- 
for  parenchyma)  accompanied  by  increased  T 
lymphocytes  and  B  lymphocytes.  There  were 
more  peribronchial  mast  cells  in  the  SIDS  group 
(22.1  vs  14.711.03  to  2.10]  cells/mm-1  and  insignifi- 
cant differences  in  neutrophils  and  parenchymal 
mast  cells.  There  were  significant  associations 
between  eosinophil,  B  lymphocyte,  and  T  lym- 
phocyte numbers.  These  findings  provide  evi- 
dence for  an  abnoniial  T  lymphocyte-mediated 
pulmonary  inflammatory  response  in  SIDS. 
Products  of  eosinophil  degranulation  can  cause 
epithelial  damage  and  pulmonary  oedema, 
which  could  cause  the  respiratory  obstruction 
and  hypoxia  associated  with  SIDS. 

Respiratory  Function,  Electrocardiography 
and  Quality  of  l.il'e  in  Individuals  with 
Muscular  Dystrophy — (1  Ahlstrom,  L-G 
Gunnarsson.  A  Kihigrcn,  A  Arvill,  P-O  Sjcidcn. 
Chest  1994:106:173. 

All  mdividuals  in  a  Swedish  county  afllicled 
w  ith  any  type  of  hereditary  muscular  dystrophy 
(.MD)  were  identified  and  57  (8570  of  eligible 
mdividuals  in  the  age  range  16  to  C>4  were  in- 
cluded m  the  study.  Respiratory  disturbances 


were  estimated  by  means  of  spirometry  and  anal- 
ysis of  arterial  blood  gases,  and  58%  yielded  ab- 
normal results  on  at  least  one  of  these  examina- 
tions. Elevated  Pco:  was  found  more  commonly 
than  reduced  forced  vital  capacity  (FVC)  and 
there  was  a  moderate  association  between  these 
parameters.  Respiratory  symptoms,  most  com- 
monly breathlessness,  were  encountered  in  79%. 
Pathologic  ECG  recordings  were  found  in  21  in- 
dividuals (37%).  Conduction  disturbances  and 
affection  of  the  myocard  were  most  frequent  in 
myotonic  dystrophy.  Quality  of  life  was  assessed 
by  means  of  the  Sickness  Impact  Profile  instru- 
ment and  the  Kaasa  test.  The  results  showed  that 
quality  of  life  was  significantly  related  to  FVC 
and  to  the  symptom  of  abnormal  fatigue. 
Respiratory  and  cardiac  parameters  showed  a 
greater  number  of  significant  correlations  with 
measures  of  functional  ability  than  with  subjec- 
tive well-being. 

"Click  Test":  Rapid  Diagnosis  of  the 
Respiratory  Distress  Syndrome — R  Skelton. 
H  Jeffery.  Pediatr  Pulmonol  1994:17:383. 

Appropriate  and  early  treatment  with  exogenous 
surfactant  has  clinical  and  economic  benefits  for 
neonates  with  pulmonary  surfactant  deficiency. 
In  order  to  rapidly  and  reliably  identify  such 
neonates,  we  have  evaluated  the  shake  and  click 
tests,  biophysical  tests  of  surfactant  function, 
using  0.2  mL  samples  of  tracheal  (TA)  and  gas- 
tric aspirates  (GA).  Samples  from  181  neonates 
with  a  gestational  age  range  of  24-40  weeks 
were  shaken  with  95%  ethanol.  If  bubbles 
fomied  (positive  shake  test)  they  were  examined 
in  air-free  water  under  a  microscope.  In  a  posi- 
tive shake  or  click  test,  the  bubbles  rhythmically 
increase  and  then  decrease  in  size,  denoting  the 
presence  of  active  surfactant.  The  probability  of 
the  tests  to  predict  clinical  surfactant  deficiency 
was  analyzed.  The  latter  was  defined  as  respira- 
tory distress  syndrome  or  transient  tachypnea  of 
the  newborn  diagnosed  by  chest  radiography  and 
clinical  criteria.  The  click  test  on  TA   from 


preterm  infants  was  most  accurate,  with  a  100% 
positive  predictive  value  and  specificity,  and  a 
93%  and  94%  negative  predictive  value  and  .sen- 
sitivity, respectively.  These  values  for  GA  were 
73%.  84%.  97%,  and  95%.  respectively.  The  test 
is  quick,  simple,  inexpensive,  reproducible,  and 
unaffected  by  contamination  with  blood.  The  ac- 
curacy of  this  test  on  TA  in  diagnosing  surfactant 
deficiency  in  neonates  would  permit  early  and 
optimal  treatment  with  exogenous  surfactant. 
When  performed  on  GA,  the  test  could  aid  deci- 
sions regarding  transfer  of  neonates  to  tertiary 
level  care. 

Implementation  of  a  Physician  Education 
Intervention— WD  Hendncson.  PR  Wood.  HA 
Hidalgo.  ME  Kromer.  GS  Parcel.  .'KG  Ramirez. 
Arch  Pediatr  Adolesc  Med  1994:148:595. 

OBJECTIVES:  To  increase  pediatric  residents" 
knowledge  of  the  Guidelines  for  the  Diagnosis 
and  Management  of  Asthma  (GDMA)  devel- 
oped by  the  Expert  Panel  of  the  National  Asthma 
Education  Program  and  to  increase  the  residents' 
confidence  in  their  ability  to  implement  these 
guidelines.  Emphasis  was  placed  on  the  diagno- 
sis and  treatment  of  Hispanic  children  with  asth- 
ma, a  population  at  increased  risk  for  morbidity. 
SETTING:  A  continuity  care  clinic  located  in  an 
urban  ambulatory  care  facility.  SUBJECTS: 
Forty-four  pediatric  residents:  1 7  first-year  resi- 
dents, 15  second-year  residents,  and  12  third- 
year  residents.  METHODS:  Residents  partici- 
pated in  a  multicomponent  asthma  management 
curriculum  that  stressed  active  learning  strate- 
gies, including  the  following:  focus  groups, 
computer-based  testing,  lectures,  hands-on  skill 
development  seminars,  role  modeling  by  attend- 
ing pediatricians,  provision  of  GDMA  piK'ket 
cards  and  posters,  access  to  peak  fiowineters  and 
spirometry,  and  an  interactive  computer-based 
module.  Content  f(Kused  on  pulmonary  function 
testing  with  spirometry  and  peak  flowmeters, 
stepwise  use  of  medications,  recognition  of  asth- 
ma symptoms  anil  triggers,  and  cultural  consid- 


942 


RM.SPIRATORY  CARE  •  OCTOBER  '94  Vol  .V)  No  10 


We're  Arranging  a  Mastetpiece 


Listen  up.  •  Soon  you'll  be  presented  with  the 


results  of  an  orchestrated  effort  in  the  treatment  of  obstructive 


sleep  a(3nea.  Yoli'11  learn  about  a  major  undertaking  -  an  entire 


harmonious  line  of  principal  i^ertormers  -  created  in  response  to  requests 


from  patients,  dealers,  phvsicians  and  the  entire  sleep  communit\'.  •  It  will  be  quite  an 


arrangement.  And  \ou'll  reall\-  like  what  \'ou  hear. 


RESPIRONICS  INC 

The  First  Name  In  Innovative  Respiratory  Care 

1001  Murr\-  Ridge  Dri\-e,  Murrvsx'ille,  Pennsylvania  15668-8550  US.A 
Phone:  l-800/345-(5443  within  the  USA  and  Canada  or  412/733-0200  •  Fax:  412/733-0299 

©  Respironics,  Inr  1994 
Circle  105  on  reader  service  card 


ABSTRACTS 


eralions  that  impact  asthma  management. 
Pediatric  faculty  and  fellows  also  participated  in 
a  series  of  asthma  seminars  to  increase  the  likeli- 
hoixi  that  faculty  would  role  model  the  GDMA 
and  provide  appropriate  feedback  to  residents. 
RE.SULTS:  Pediatric  residents  demonstrated 
significant  increa.ses  in  knowledge  about  evalua- 
tion of  asthma,  pulmonary  function  testing,  and 
clinical  management,  displayed  significantly  en- 
hanced levels  of  confidence,  and  were  enthusias- 
tic about  the  asthma  management  curriculum, 
rating  it  significantly  higher  than  15  other  con- 
tent areas  in  the  general  pediauic  curriculum. 

Comparison  of  Supine  and  Prone 
Noninvasive  Measurements  of  Breathing 
Patterns  in  Fullterm  Newborns — JA  Adams. 
lA  Zabaleta.  MA  Sackner.  Pediatr  Pulmonol 
1994;  1 8:S. 

The  current  study  was  undertaken  to  ascertain 
u  hether  shift  from  supine  to  prone  posture  alters 
the  pattern  of  natural  breathing  in  healthy  full- 
term  newborns.  Breathing  patterns  were  mea- 
sured in  the  supine  and  prone  posture  in  20 
healthy  fullterm  infants  using  calibrated,  nonin- 
vasive respiratory  inductive  plethysmography 
(RIP).  The  values  for  breathing  pattern  compo- 
nents in  supine  and  prone  posmres  expressed  as 
means  (±SD)  were,  respectively,  tidal  volume 
(Vt),  14.1  (±3.2)  and  18.9  (±4.9)  mL;  mean  in- 
spiratory flow  26.7  (±11.5)  and  32.8  (±13.0) 
niL/s;  and  minute  ventilation  232  (±75)  and  288 
(±96)  mUkg/min  (p  <  0.01).  Less  thoracoab- 
dominal incoordination,  expressed  as  the  labored 
breathing  index  (LBI).  occurred  with  shift  from 
supine  to  prone  posture  in  infants  studied  in  the 
active  behavioral  stage,  changing  from  2.0 
(±0.5)  to  1.3  (±0.4)  (p  <  0.01).  Placement  of  a 
facemask-pneumotachograph  system  increased 
Vj  measured  with  RIP  by  26%  in  the  supine,  and 
ISVf  in  the  prone  posture.  Neither  respiratory 
rate  nor  inspiratory  time  (t|)  changed  with  the 
postural  shift.  Therefore,  change  from  supine  to 
prone  posture  improved  ventilation  and  in- 
creased respiratory  drive  as  expressed  by  Vj/U- 
Further,  thoracoabdominal  incoordination, 
which  took  place  during  active  sleep  in  the 
supine  posture,  lessened  with  change  to  the 
prone  posture. 

Estimated  vs  Actual  Values  for  Dead 
Space/Tidal  Volume  Ratios  durin)> 
Incremental  Kxercise  in  Patients  Evaluated 
for  Dyspnea— Ml  /inimcnnan.  A  Miller.  I.K 
Brown.  A  Bhuptani.  MF  Sloane.  AS  Teirstein. 
Chest  I994;I06(I):I3I. 

Hie  physiologic  dead  space/tidal  volume  ratio 
( V|/V| )  at  rest  and  during  exercise  is  a  sensitive 
measurement  of  gas  exchange  that  reflects 
matching  of  ventilation  to  perfusion,  but  requires 
an  invasive  measurement   for  its  calculation. 


Determining  {WdTVj)  noninvasively  uses  esti- 
mations of  arterial  Pco;  based  on  the  end-tidal 
Pco;-  To  further  standardize  incremental  car- 
diopulmonary exercise  testing,  we  compared  ac- 
tual ViVVt  with  estimated  Vt/Vr  values  in  35 
patients  referred  for  evaluation  of  dyspnea. 
Estimates  of  Vl/Vj  used  the  Jones'  equation 
(V[yVx|j|)  derived  from  healthy  subjects  during 
steady-state  exercise  or  Pdcoj  alone  (Vo/Vtieti) 
to  approximate  Paco:-  At  rest,  mean  values  for 
ViyV-riji  and  actual  Vn/Vj  were  not  different: 
0.372+0.08  vs  0.37±0.09.  p  =  not  significant 
(NS).  Each  method  identified  61%  of  values  > 
0.36.  In  26  subjects  who  achieved  higher  work 
rates,  the  mean  difference  between  actual  Vq/Vj 
and  Vd/Vt,ji  increased  from  0.009  ±  0.04  (NS) 
at  low  work  rate  (Vq;  =  28.3%  pred  max)  to 
0.(U0±0.06  at  high  work  rate  (Vq;  =  54.7%  pred 
max),  p  =  0.006.  Actual  Vh/Vt  identified  18 
(69%)  patients  as  abnormal  vs  13  (50%)  so  iden- 
tified by  Vi/Vtiji.  With  exercise,  V[yVT(j|  was 
no  better  than  Vc/Vticti-  We  conclude  that  dur- 
ing incremental  exercise  in  a  patient  population, 
methods  for  estimating  VdA't  progressively  un- 
derestimate this  measurement;  and.  therefore, 
"normal"  estimated  Vi/Vt  values  may  fail  to 
identify  underlying  pulmonary  and/or  pul- 
monary vascular  impainnent. 

Effect  of  Surfactant  on  Morbidity,  Mortality, 
and  Resource  Use  in  Newborn  Infants 
Weighing  500-1500  g— RM  Schwartz.  AM 
Luby.  JW  Scanlon.  RJ  Kellogg.  N  Engl  J  Med 
1994;330;1476. 

BACKGROUND:  The  administration  of  surfac- 
tant decrea.sed  mortality,  morbidity,  and  costs  of 
care  for  very-low  birth-weight  infants  in  clinical 
uials.  The  extent  to  which  these  benefits  can  be 
achieved  in  the  usual  clinical  setfings  is  not 
known.  METHODS:  We  analyzed  clinical  and 
financial  data  obtained  from  1985  to  1990  at  14 
perinatal  centers  in  the  United  States  on  5629 
neonates  weighing  500  to  1500  g.  The  infants 
were  divided  into  groups  according  to  whether 
they  were  bom  before  or  after  surfactant  was  in- 
troduced into  clinical  practice.  Regression  mod- 
els controlling  for  race,  sex.  and  birth  weight 
were  used  to  assess  mortality,  morbidity,  and  use 
of  resources.  Mortality  rates  specific  for  these 
variables  were  projected  to  the  nation  as  a  whole 
with  reference  to  the  1985  U.S.  birth  cohort.  RE- 
SULTS: The  odds  of  death  in  the  hospital  for 
very-low-birth-weighl  infants  were  reduced  by 
30%^  after  surfactant  was  introduced.  Among  in- 
fants with  bronchopulmonary  dysplasia,  mortali- 
ty declined  40% .  Projections  of  mortality  nation- 
wide declined  5%'.  Eighty  percent  of  the  decline 
in  the  U.S.  infant  mortality  rale  between  1989 
and  1990  could  be  attributed  solely  to  the  use  of 
surfactant.  Among  the  survivors,  the  overall 
odds  of  morbidity  did  not  change,  whether  or  not 
we  adjusteil  for  changes  in  race.  sex.  and  birth 
weight.  The  cukis  of  respirator)   ilistress  syn- 


drome and  pulmonary  interstitial  emphysema 
among  the  survivors  declined  by  20%^  and  40%^. 
respectively,  with  surfactant.  Infiation-adjusted 
charges  per  survivor  declined  by  10%.  or  $5,800. 
whereas  the  cost  of  care  for  each  infant  who  died 
declined  by  31%.  or  S4.4()0.  CONCLUSIONS: 
The  introduction  of  surfactant  has  led  to  de- 
creased mortality  and  morbidity  in  very-low- 
birth-weight  infants  and  to  decreased  use  of  re- 
sources both  for  infants  who  survive  and  for 
those  who  die. 

Randomised  Trial  of  Preventive  Nasal 
Ventilation  in  Duchenne  Muscular 
Dystrophy — J-C  Raphael.  S  Chevret.  C 
Chastang.  F  Bouvet,  for  the  French  Multicenu-e 
Cooperative  Group  on  Home  Mechanical 
Ventilation  Assistance  in  Duchenne  de  Boulogne 
Muscular  Dystrophy.  Lancet  1 994:343;  1 600. 

Duchenne  muscular  dystrophy  (DMD)  is  the 
most  common  muscular  dystrophy  in  children. 
Paralysis  of  respiratory  muscles  causes  a  de- 
crease in  forced  vital  capacity  (FVC)  from  age 
12  years,  and  death  occurs  between  20  and  25 
years  old  and  is  usually  related  to  respiratory  in- 
sufficiency. Uncontrolled  studies  suggest  that 
early  home  use  of  nasal  intermittent  positive- 
pressure  ventilation  (NIPPV)  in  DMD  patients 
free  of  respiratory  failure  could  limit  progression 
of  the  restrictive  syndrome  and  therefore  im- 
prove survival.  Because  efficacy  of  preventive 
NIPPV  has  not  been  demonstrated  in  a  con- 
trolled trial,  we  undertook  a  randomised  multi- 
centre study  in  which  70  patients  with  DMD 
were  included.  Patients  were  free  of  daytime  res- 
piratory failure  and  FVC  was  between  20  and 
50%  of  predicted  values.  At  least  6  h  of  noctur- 
nal NIPPV  (n  =  35)  was  compared  with  conven- 
tional treatment  (n  =  35).  During  a  mean  follow- 
up  of  52  months.  10  patients  died.  8  in  the 
NIPPV  group  and  2  in  the  control  group  (p  = 
0.05.  log-rank  test).  No  differences  were  ob- 
served between  the  two  groups  for  occurrence  of 
hypercapnia.  decrease  of  FVC  below  20%-  of  ini- 
tial values,  or  use  of  necessary  mechanical  venti- 
lation. Preventive  NIPPV  did  not  improve  respi- 
ratory handicap  and  reduced  survival  of  DMD 
patients.  Use  of  NIPPV  for  preventive  purposes 
should  be  avoided  in  patients  with  FVC  between 
20  and  50%  of  predicted  values. 

Environmental  Tobacco  Smoke  and  Lung 
Cancer  in  Nonsmoking  Women:  A 
Mullicenler  Study — ETH  Fontham.  P  Correa. 
P  Reynolds.  A  Wu-Williams.  PA  Buffier.  RS 
Greenberg.etal.JAMA  1994:271  (22):  1752. 

OBJECTIVE:  To  detenninc  the  relative  risk 
(RR)  of  lung  cancer  in  lifetime  never  smokers  as- 
sociated with  environmental  tobacco  smoke 
(ETS)  exposure.  DESIGN:  Multicenter  popula- 
tion-based case-control  study.  SETTING:  Five 
metropolitan  aivas  in  the  United  States:  Atlanta 
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AARC  Membership. . . 

Your  Ticket  To  Success  In  Respiratory  Care 


Membership  benefits  of  the  American 
Association  for  Respiratory  Care 

Much  ot  the  support  you  give  to  the  AARC 
goes  toward  advancement  of  the  profession. 
For  Instance,  did  you  know  that  through  the 
efforts  of  the  AARC: 

Over  two-thirds  of  the  states  now  require 
that  respiratory  care  practitioners  become 
legally  credentialed  by  the  state.  These  laws, 
which  protect  patients  and  practitioners 
alike,  were  passed  because  of  hard  work  by 
the  AARC  and  its  members. 

We  assisted  the  federal  government  in 
gathering  information  on  the  costs  of 
hospital  versus  home  respiratory  care.  Our 
involvement  in  projects  like  this  strengthens 
our  image  in  Washington  as  patient 
advocates. 

Rfspir.'Wory  Cark  Journal 

The  foremost  science  journal  in  the 
respiratory  care  profession,  publishing 
original  research,  case  reports,  book 
critiques,  letters,  and  monthly  features  on 
chest  radiographs,  pulmonary  function  tests, 
and  blood  gas  analysis. 

AARC  Times  Magazine 

The  premier  news  and  feature  magazine  of 
the  profession  with  management  tips, 
educational  articles,  human  interest  features, 
how-to  articles,  and  reports  on  current 
government  trends. 

AARC  Report 

A  monthly  newsletter  with  fast-breaking 
news  about  the  Association  and  other 
professional  activities. 

Government  Representation 

A  full-time  director  of  government  affairs 
works  for  you  in  Washington,  DC,  and  helps 
the  Association  leaders  plan  strategies  for 
introducing  legislation  and  influencing 
regulatory  activities  on  reimbursement 
issues,  research  projects,  consumer 
protection,  smoking  laws  and  more. 

State  Government  Affairs 

The  AARC's  director  of  state  government 
affairs  works  with  the  AARC's  affiliates  to 
bring  licensure  on-line  in  all  50  states  and  to 
help  strengthen  current  acts.  The  AARC 
supports  its  chartered  affiliates  financially  in 
these  endeavors  through  grant  and  loan 
programs.  In  addition,  emphasis  is  placed  on 
assisting  with  other  issues  on  the  state  level. 
These  include  health  reform  bills,  laboratory 
issues,  long-term  care,  and  Medicaid 
concerns. 


Continuing  Education 

The  continuing  Respiratory  Care  Education 
(CRCE)  system  approves  and  accredits 
educational  programs  and  provides  you  with 
a  transcript  of  all  your  continuing  education 
activities  to  use  as  proof  of  attendance  at 
educational  meetings. 

Educational  Aids 

Individual  Independent  Study  Packages  are 
self-  study  modules  on  30  different  clinical 
topics.  Topics  on  clinical  practice,  as  well  as 
a  series  on  smoking  cessation,  are  featured. 

Insurance 

No-cost  and  low-cost  insurance  programs 
are  part  of  AARC  membership.  You  receive 
$10,000  of  accidental  death  and 
dismemberment  insurance  free,  and  you 
receive  discounts  on  professional  liability 
insurance. 

Chapter  Affiliation 

Joining  the  AARC  gives  you 
access  to  your  state  society  for 
respiratory  care.  In  this  way  you 
get  to  know  other  professionals 
in  your  area. 

Promotional  Support 

Promotional  items  for 
distribution  at  health  fairs  are 
made  available  at  discounted 
prices. 

Respiratory  Care  Week 

Each  year,  the  Association  sponsors  a 
national  recognition  week  for  its 
practitioners.  During  this  week,  hospitals 
recognize  the  work  of  respiratory  care 
practitioners  throughout  the  year,  and,  in 
addition,  many  RC  departments  sponsor 
special  activities  for  the  public  to  help  raise 
the  profile  of  the  profession. 

Specialty  Sections 

For  a  nominal  fee,  you  may  join  a  specialty 
section  of  the  AARC.  You  can  choose  sections 
on  management,  education,  adult  acute 
respiratory  care,  cardiopulmonary  science, 
perinatal-pediatrics,  continuing  care/ 
rehabilitation,  transport,  or  home  care. 

ECRI 

Discounts  are  extended  to  members  wishing 
to  order  ECRI's  publication.  Technology  for 
Respiratory  Therapy.  AARC  members  pay 
$45  for  an  annual  subscription,  one-half  off 
the  usual  subscription  price. 


Membership  Certificate 

With  your  membership  you  receive  a 
handsome  certificate  —  a  testimony  to  your 
professional  commitment  to  respiratory  care. 

Meetings 

AARC  meetings  bring  you  up-to-date  on  the 
state-of-the-art  in  respiratory  care.  AARC 
members  receive  a  discount  to  all  of  these 
meetings  sponsored  by  the  AARC  — 
including  the  Annual  Convention. 

Research  Reports 

The  AARC  prepares  and  publishes  reports  on 
a  variety  of  research  activities. 

Health  Promotion 

An  active  health  promotion  committee 
provides  you  with  resources  on  smoking 
cessation  and  wellness. 


Standards 

The  AARC,  as  a  standard-setting 
organization,  makes  available  copies  of  the 
position  statements  and  standards  it  writes. 

Clinical  Practice  (luidelines 

Recognizing  that  our  health  care  system  will 
require  even  more  accountability  and  validity 
in  the  future,  the  AARC  has  embarked  on  a 
multi-year  project  to  write  clinical  practice 
guidelines  for  all  respiratory  care  modalities. 

Product  Discounts 

The  AARC  regularly  reviews  products 
available  for  the  respiratory  care  professional 
and  negotiates  discounted  rates  for  the 
member. 

American  Association  for  Respiratory  Care 
11030  Abies  Lane,  Dallas,  TX  75229-4593 
(214)  243-2272 

Fax  (214)  484-2720  or  (214)  484-  6010 
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GA.  Houston  TX.  Los  Angeles  CA,  New  Orleans 
LA.  and  the  San  Francisco  Bay  Area  CA.  PA- 
TIENTS OR  OTHER  PARTICIPANTS:  Female 
lifetime  never  smokers — 65.1  ca,ses  with  histolog- 
ically conrimied  lung  cancer  and  1253  controls 
selected  by  random  digit  dialing  and  random 
sampling  from  the  Health  Care  Financing 
Administration  files  for  women  aged  65  years 
and  older.  MAIN  OUTCOME  MEASURE:  The 
RR  of  lung  cancer,  estimated  by  adjusted  odds 
ratio  (ORl  with  95"^  confidence  interval  (CI),  as- 
sociated with  ETS  exposure.  RESULTS: 
Tobacco  use  by  spou.se(s)  was  associated  with  a 
iO'/c  excess  risk  of  lung  cancer — all  types  of  pri- 
mary lung  carcinoma  (adjusted  OR  =  1.29;  p  < 
0.05).  pulmonary  adenocarcinoma  (adjusted  OR 
=  1.28;  p  <  0.051.  and  other  primary  carcinomas 
of  the  lung  (adjusted  OR  =  1 .37;  p  =  0. 1 8).  An  in- 
creasing RR  of  lung  cancer  was  observed  with  in- 
creasing pack-years  of  spousal  ETS  exposure 
(trend  p  =  0.03),  such  that  an  80<*  excess  risk  of 
lung  cancer  was  observed  for  subjects  with  80  or 
more  pack-years  of  exposure  from  a  spouse  (ad- 
justed OR  =  1.79;  95%  CI  =  0.99  to  3.251.  The 
excess  risk  of  lung  cancer  among  women  ever 
exposed  to  ETS  during  adult  life  in  the  household 
was  249c:  in  the  workplace.  399!-;  and  in  social 
settings.  50%.  When  these  sources  were  consid- 
ered jointly,  an  increasing  risk  of  lung  cancer 
with  increasing  duration  of  exposure  was  ob- 
sened  (trend  p  =  0.001 ).  At  the  highest  level  of 
exposure,  there  was  a  75%  increased  risk.  No  sig- 
nificant association  was  found  between  exposure 
during  childhood  to  household  ETS  exposure 
ft'om  mother,  father,  or  other  hou.sehold  mem- 
bers; however,  women  who  were  exposed  during 
childhood  had  higher  RRs  associated  with  adult- 
life  ETS  exposures  than  women  with  no  child- 
hood exposure.  At  the  highest  level  of  adult 
smoke-years  of  exposure,  the  ORs  for  women 
with  and  without  childhood  exposures  were  3.25 
(95%  CI.  2.42  to  7.46)  and  1.77  (95%  CI.  0.98  to 
3. 19).  respectively.  CONCLUSION:  Exposure  to 
ETS  during  adult  life  increases  risk  of  lung  can- 
cer in  lifetime  nonsmokers. 

High-  vs  Low-Intensity  Inspiratory  Muscle 
Interval  Training  in  Patients  with  COPD — 

BA  Prcu.sser,  ML  Winningham.  TL  Clanton. 
Chest  1 994;  1 06: 1 10. 

This  study  determined  the  effect  of  a  high  vs  low 
resLstive  inspiratory  muscle  interval  training  pro- 
tocol on  inspiratory  muscle  strength  (Pi,,,,,,!,  in- 
cremental inspiratory  threshold  loading  (PitI  I.  in- 
spiratory muscle  endurance  (IE),  and  12-minulc 
distance  test  (12  MD)  in  severely  impaired  pa- 
tients with  COPD.  We  used  a  double-blind,  two- 
group,  repeated-measure  design.  Group  I  (n  = 
12)  received  supervised  high  resistive  loading  at 
approximately  52%  P|n,a<  and  Group  2  (n  =  8)  re- 
ceived supervised  low  resistive  loading  al  ap- 
proximately 22%  Phnav  All  subjects  trained 
three  times  weekly  (progressing  Irom  5  min  per 


session  in  week  I  to  18  min  per  session  in  week 
12)  for  12  weeks.  After  three  practice  sessions, 
measures  of  Pi„,ax.  Pitl.  IE.  and  12  MD  were 
taken  at  baseline,  at  4-week  intervals,  and  within 
72  h  of  completing  the  protocol.  Group  1 
showed  significant  improveinent  in  all  four  de- 
pendent v;uiables  while  group  2  improved  in 
Pitl.  IE.  and  12  MD.  The  results  suggest  there  is 
no  significant  difference  between  high  and  low 
resistive  interval  training  in  more  severely  im- 
paired patients  with  COPD. 

Regular  vs  As-Needed  Inhaled  Salbutamol  in 
Asthma  Control — KR  Chapman.  S  Kesten.  JP 
Sz.alai.  Lancet  1994:.143:I379. 

Recent  studies  have  suggested  that  regular  use  of 
inhaled  betai  agonists  causes  loss  of  asthma  con- 
trol as  measured  by  worsening  peak-flow  rates, 
increased  asthma  symptoms,  and  more  frequent 
need  for  supplementary  bronchodilators. 
However,  the  magnitude  of  this  effect  and  the  re- 
liability of  investigator-originated  definitions  of 
control  is  unknown.  We  studied  341  people  with 
asthma  in  a  4-week,  randomised,  crossover  trial 
of  regular  salbutamol  (2  puffs — 2(X)  /ag — four 
times  daily)  for  2  weeks  and  as  needed  for  2 
weeks.  There  Were  no  significant  differences  in 
morning  and  evening  peak-flow  rates  between 
treatments,  but  asthma  symptoms  and  supple- 
mentary bronchodilator  use  were  significantly 
less  frequent  when  salbutamol  was  given  regu- 
larly. Asthma  episodes  occurred  1.39  (1.52) 
times  per  day  during  regular  treatment  and  2.44 
(1.75)  times  per  day  duiing  as-needed  treatment 
(p  <  0.0001 )  and  0.50  (0.56)  vs  0.65  (0.66)  times 
per  night  (p  <  0.0001 ).  Daytime  use  of  supple- 
mentary salbutamol  was  1.14  (1.40)  vs  2.35 
( 1 .71 )  puffs  per  day.  p  <  O.OOOI;  night-time  use 
was  0.45  (0.55)  vs  0.64  (0.66)  puffs  per  night  (p 
<  O.OOOI).  When  control  endpoints  were  com- 
pared between  treatment  periods  for  each  indi- 
vidual by  two  blinded  investigators  and  control 
judged  by  six  different  sets  of  criteria,  in  70  asth- 
matics there  was  no  difference  in  symptom  con- 
trol between  periods  but  in  the  remainder,  con- 
trol was  achieved  more  often  by  regular  than  by 
as-needed  salbutamol  (166  vs  69.  p  <  0.0001 ).  In 
asthma  of  moderate  severity,  regularly  adminis- 
tered salbutamol  does  not  produce  lower  peak- 
flow  rates  than  as-needed  salbutamol  and  is  as- 
sociated with  less  frequent  asthma  symptoms. 

Functional  Residual  Capacity  and  Total 
Respiratory  System  Impedance  in  Wheezing 
Infants — KN  Desager.  HP  Van  Bever.  M 
Willemen,  W  DeBacker.  PA  Vermeire.  Pediatr 
Pulmonol  I9y4:l7:.\54, 

Airways  obstruction  has  been  denionsu-ated  in 
acutely  whcc/.ing  infants.  The  aim  of  the  present 
study  was  to  assess  functional  abnormalities  as 
detected  by  measurement  of  total  respiratory 


system  resistance  (R^^)  and  functional  residual 
capacity  (FRO  in  infants  with  a  history  of  recur- 
rent episodes  of  wheezing,  while  not  acutely  ill. 
In  30  such  infants  (mean  age.  10  months;  range, 
4-17)  and  in  10  healthy  infants  (mean  age.  6 
months;  range,  0-14)  four  Rrs  measurements, 
perfonned  with  the  forced  pseudo-random  noise 
(PRN)  oscillation  technique,  and  three  FRC  de- 
terminations, using  the  closed-circuit  helium  di- 
lution technique,  were  averaged.  A  lower  than 
predicted  FRC  was  demonstrated  in  20/30  (66%) 
patients.  At  16  Hz.  R,^  was  significantly  above 
predicted  in  3/30  (10%)  patients.  Specific  Rrs 
(Rn  X  FRC)  at  16  Hz  was  increased  in  5/30 
(17%)  patients.  In  conclusion,  the  PRN  oscilla- 
tion technique  combined  with  FRC  measure- 
ment by  helium  dilution  detects  lung  function 
abnormalities  in  a  minority  of  wheezing  infants 
during  symptom-free  intervals. 

Cystic  Fibrosis  Carrier  Screening  in  a  Hlgh- 
Risk  Population— LC  Surh.  M  Cappelli.  NE 
MacDonald,  G  Melller,  RE  Dales.  Arch  Pediatr 
AdolescMed  1994:148:632. 

OBJECTIVE:  Recent  advances  in  molecular  ge- 
netic (DNA)  technology  have  permitted  identifi- 
cation of  previously  undetectable  cystic  fibrosis 
(CF)  carriers.  Although  research  has  been  initiat- 
ed in  the  general  population,  to  our  knowledge  no 
published  studies  have  looked  at  the  utilization  of 
DNA-based  carrier  screening  in  the  high-risk  CF 
population  (family  history  of  CF).  DESIGN: 
Cross-sectional,  diagnostic  open  trial.  SETTING: 
Carrier  testing  was  offered  to  a  high-risk  CF  pop- 
ulation via  adult  patients  with  CF  or  parents  of 
pediatric  patients  with  CF  attending  two  regional 
CF  clinics  over  a  3-year  period.  PARTICI- 
PANTS: Consecutive  sample  of  virtually  all  pa- 
tients with  CF  (n  =  118)  from  a  population  of  1 
million.  MAIN  RESULTS:  Despite  free  services, 
written  follow-up,  and  counseling  for  99%  of  pa- 
tients attending  the  CF  clinic,  there  was  less  than 
10%  participation  from  high-risk  family  mem- 
bers { 1  68  blood  relatives  and  26  spouses  of  iden- 
tified carriers  or  patients  with  CF;  38  and  156 
persons  from  the  adult  and  pediatric  clinic  fami- 
lies, respectively).  Nevertheless,  we  identified 
91  CF  carriers  among  the  168  high-risk  relatives. 
This  is  comparable  to  the  number  of  carriers  de- 
tected in  general  population  carrier  screening 
that  has  tested  substantially  more  individuals  (> 
30(K)  per  study).  CONCLUSIONS:  Our  results 
suggest  that  research  concerning  CF  carrier 
screening  not  only  focus  on  data  about  funda- 
mental program  resources  and  numbers  of  carri- 
ers detected  but  also  investigate  how  information 
about  the  availability  of  canier  screening  is  dis- 
seminated, the  motivation  behind  testing,  and  the 
perceived  relevance  of  test  results  by  those  tested 
in  the  high-risk  population.  These  issues  are  in- 
creasingly relevant  as  screening  becomes  feasi- 
ble using  DNA  testing  for  far  more  prevalent  dis- 
orders (such  as  breast  cancer  and  diabetes). 
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(Lapel  pin  is  shown  actual  size,  but  Rex  is  a  towering  8  inches  tall.) 


You  can  still  possess 
a  momento  of  the 
1993  Nashville  AARC 
Annual  Meeting. 

To  order  yours, 
call  (214)  243-2272  or 
Fax  (214)  484-2720  with 
your  Mastercard  or  VISA 
number,  or  send  your 
check,  payable  to  the 
AARC,  to:  AARC,  11030 
Abies  Lane,  Dallas,  TX 
75229-4593. 

Item  CVl    Lapel  Pins  —  $5 
($7.50  for  nonmembers) 

Item  R99  Respirasaurus  Rex  —  $12 
($15  for  nonmembers) 

Please  add  $3.25  for  shipping 
and  handling. 


Texas  customers  only,  please  odd  8  25%  sales  lax 
(including  shipping  charges)  Texas  customers  that  ore 
exempt  from  sales  must  attach  an  exemption  certificate. 


Learn  the 


Mechanics 


of  Mechanical  Ventilation 

Explains  how  physical  and  mathematical  models  are  developed  and 
applied,  how  such  models  are  incorporated  into  ventilator  design  to 
provide  estimates  of  mechanics,  and  some  of  the  problems  that  can 
develop  because  of  the  limitations  of  the  models.  Chatburn  points  out 
that  lack  of  consistency  among  manufacturers  in  the  way  in  which 
compliance  and  resistance  are  measured  and  temperature 
conversions  are  applied  and  how  the  lack  of  published  accuracy  and 
precision  information  make  data  interpretation  difficult. 

Item  VT30  —  VHS  (60  minutes) 
$35  ($40  nonmembers) 

Add  $3  for  shipping  and  handling. 
Call  (2 1 4)  243-2272  or  Fax  Your  Order  to  (2 1 4)  484-2720  •  American  Association  for  Respiratory  Care  •  1 1 030  Abies  Lone,  Dallas,  TX  75229-4593 

Texas  customers  only,  please  add  8'A%  sales  tajc  (ioduding  shipping  charges).  Texas  customers  that  are  exempt  from  sales  tax  must  attach  an  exemption  certificate. 


Monitoring  Respiratory 

Hechdnics  During 

HechdnicalUentildtion 

By  Robert  L  Chatburn,  RRT 


'  Respiratory 

Care 

Practitioners 
.  Take  Pride  In 

What  They  Do 


oT-shirt 

Rich,  jewel-tone  colors  of  forest  green,  purple,  and 
gold  display  your  professional  pride  on  a  50/50 
cotton/polyester  blend  T-shirt.  Medium,  large,  extra 
large,  and  extra-extra  large  available. 
Item  R16  $9.50  ($11.50  nonmembers) 
Add  $2.50  for  extra-extra  large. 

©Sweatshirt 

Don't  wait  to  order  this  classic  RC  Week 

sweatshirt  in  fashionable  forest  green.  Sweatshirts 

are  50/50  blend.  Medium,  large,  extra  large,  and 

extra-extra  large  available. 

Item  R19  $15  ($16.50  nonmembers) 

Add  $2.50  for  extra-extra  large. 


RCPCap 

Add  the  finishing  touch  to  your  RC  Week 
apparel  with  this  forest  green  cap,  silk- 
screened  in  metallic  gold. 
ltemR17  $6  ($9  nonmembers) 


^^^ 


Thanks  to  Barbara  Hendon,  BA,  RRT,  and  AARC 
employees  Robert  Czachowski,  PhD,  and  Lisa  Best  for 
modeling  the  RC  Week  apparel  in  this  catalog. 


Fax  Your  Order  24  Hours- A-Day  to  (214)  484-2720  or  (214)  484-601 C 


o  Display  Banner 

Display  the  qualities  of  dedicated  professionals  on  a 
background  of  purple  with  accents  of  green,  blue,  and 
gold.  New  polymil  material  in  a  new  size.  40"  x  40". 
Item  R4  $9.25  ($13.25  nonmembers) 

©Balloons 

Bright  green,  purple,  gold,  and  blue  balloons  printed 
with  a  transparent  "Respiratory  Care...  Cares"  logo. 
9"  round  latex.  Package  of  100. 
Item  Rll    $6.50  ($11.50  nonmembers) 

©Foil  Balloons 

Proclaim  RCP  pride  with  these  metallic-gold 
balloons.  18"  round.  Package  of  three. 
Item  R2  $5  ($10  nonmembers) 

oRCP  Buttons 

With  cvcr_\one  on  staff  sporting  these  metallic-gold 
buttons,  your  department  is  sure  to  glow  with  pride. 
Package  ot  25. 
Item  R89  $8  ($11  nonmembers) 

©Buttons 

Give  these  buttons  to  show  that  "Respiratory  Care... 

Cares."  Package  of  50. 

Item  R88  $9  ($12  nonmembers) 

©1994  RC  Week  Poster 

Display  this  17"  x  25"  poster  ni  your  department  or 
cafeteria  to  proclaim  the  rcspnatorv  care  practitioner's 
key  role  on  the  health  care  team.  Sold  with  RC  Week 
dates  before  Oct.  1  and  without  the  dates  after  that. 
Item  R15  $4  ($8  nonmembers) 


T(,  Order  by  Crtiilt  Orci  or  Purchase  Order,  Call  ihe  RC  Week  1  lolline  .u  i^M)  620-0301. 


Crepe  Paper 


Colorful  streamers  in  coordinating  colors  decorate 
your  RC  Week  displays.  81  feet  per  rol 

Item  RlSP-Purple  $1.50  ($3  nonmembers) 
Item  R18W-Whlte  $1.50  ($3  nonmembers) 


Respiratory  Care  Practitioners  Make 

Breathing  Easier 


^r 


Respiratory  care  practitioners  are  proud  to  be  key  members  of  the 
health  care  team,  providing  the  breath  of  life  to  patients  of  all  ages  in 
the  hospital,  home,  skilled  nursing  facility,  and  other  alternate  sites. 

National  Respiratory  Care  Week— October  2-8,  1994 


Fax  Your  Order  24  Hours-A-Day  to  (214)  484-2720  or  (214)  484-6010. 


Order  Form 


Mail  Your  Order,  Call  (214)  620-0301,  Or  Fax  To  (214)  484-2720  Or  (214)  484-6010. 


Bill  To  Address: 

Name 


Address 
City 


Ship  To  Address: 

Institution  

C/O   


State 


Zip 


Member  Number 


Address 
City 


State 


Zip 


Purchase  Order  Number 


Quantity        Item  # 


Daytime  Telephone  (in  cose  of  a  question) 


Description 


Shirt  Size       Price  Ea. 


-^ 


^ 


e^ 


^ 


^^ 


^ 


,o^p^\\^^ 


%f^^^    st^y 


Method  Of  Payment 


n  Check  or  money  order  enclosed.  Make  payable  to  the  AARC. 
D  Visa     D  MasterCard 


Item  Subtotal 
Shipping  &  Handling 

Subtotal 

Texas  Sales  Tax' 

Total 


Card  Number 


]□[ 


Expnation  Date . 


Signature  X_ 


n  Tax-exempt  certificate  enclosed. 

'•'■  Texas  customers  only,  please  add  8.23%  sales  tax 
(including  shipping  charges).  Texas  customers  that 
are  exempt  from  sales  lax  must  attach  an 
exemption  certificate. 


Disk  Format 


Shipping  Method 


IBM 


i  Apple 


Specify  size:      □  3  '/2 "      [J  5  '/4 " 


ij  UPS  Regular     U  2nd  Day     L  1  Next  Day 

(Please  allow  48  honn  for  mler?ial processing. ) 


Shipping  Charges 


All  orders  are  .shipped  UPS  Regular  unless  you  request 
otherwise.  Allow  two  days  for  order  processing  for  regular 
and  express  shipping.  Addresses  outside  the  continental 
United  States  require  an  additional  $.5  for  orders  up  to  $100; 
add  $10  for  orders  over  $100,  ORDERS  RECEIVED  WITHOUT 
SHIPPING  CHARGES  INCLUDED  WILL  BE  RETURNED. 


Shipping 

Order  Total 

Rates 

UPS  Reg. 

UPS  2nd  Day 

Next  Day 

$15  or  less 

$3.25 

$6.00 

$14.00 

$16  to  $30 

J3.7S 

$8.00 

$18.00 

$31  to  $50 

$4.50 

$11.00 

$24.00 

$51  to  $75 

$5.50 

$13.00 

$31,00 

$76  to  $100 

$7.00 

$16.00 

$38,00 

$101  to  $125 

$8.00 

$19.00 

$50,00 

$126  to  $150 

$10.00 

$22.00 

$60,00 

$151  or  more 

$12.00 

$27.00 

$75,00 

Mail  To: 

American  Association  for  Respiratory  Care,  1 1030  Abies  Lane,  Dallas,  TX  75229-4593 


INTRODUCING 

Ar]??]S^UTION 
IN  NEBULIZATION 


Working  Together 

for  Added  FEV, 

in  COPD 


NEW 


(ipratropium  bromide)  nSl 
INHALATION  SOLUTION 


Significantly  raises 
the  efficacy  curve 

In  combination  with  albuterol 


New  ATROVENT"  Inhalation  Solution 
Plus  Albuterol  Solution  (n=96) 

Plocebo  Plus  Albuterol  Solution 


In  patients  with  COPD,  ATROVENT  Inhalation  Solution  plus  albuterol  solution  produced 
significantly  greater  improvement  in  FEVi  than  albuterol  alone.'* 


ATROVENT  Inhalation  Solution  is  a  broncbodilator  for  the 
maintenance  treatment  of  bronchospcism  in  COPD. 


*  MulticentcT,  random i zed.  (loiiblu-bliiid.  jiarallel  trial  conducted  in  195  patients  with  COI'l)  in  whom  prelreatment  mean  FEV'i = 39%  of  predicted  nonna 
I'kuw  sw  brief  summun  of  l'r(scribinji  Information  on  UKlpcifie  of  Ihi^ailrei-ti^emmt. 


. .  .without  lowering 
the  safety  profile 


The  combination  of  ATROVENT  Inhalation  Solution  and 

albuterol  solution  produced  no  clinically  significant  increase 

in  side  effects  compared  with  albuterol  alone; 


ATROVENT  Inhalation  Solution  has  a  low  incidence 
of  systemic  anticholinergic  side  effects.^ 


The  use  of  ATROVENT  Inhalation  Solution  as  a  single  agent  for  the  relief  of  bronchospasm  in  acute  COPD  exacerbation 
has  not  been  adequately  studied.  Drugs  with  faster  onset  of  action  may  be  preferable  ;is  initial  therapy  in  this  situation. 

Combination  of  ATROVENT  and  beta  agonists  has  not  been  shown  to  be  more  effective  than  either  drag  alone  in 
reversing  the  bronchospasm  associated  with  acute  COPD  exacerbation. 

ATROVENT  should  be  used  with  caution  in  patients  with  narrow- angle  glaucoma, 
prostatic  hypertrophy  or  bladder-neck  obstruction. 

Please  see  Prescribing  Information  for  all  adverse  events,  regardless  of  drug  relationship, 
reported  in  the  12-week  controlled  trials  of  ATROVENT  Inhalation  Solution. 


NSW 


ATI^VENT 


500  meg 
il  dose 
0.02% 


(ipratropium  bromide)  •■ 
INHALATION  SOLUTION 

Added  efficacy  without  added  side  effects* 

*Wlieii  used  in  combiniition  with  a  beta- agonist  sdlution.  ATROVENT  does  not 
significantly  increase  side  effects  associated  witii  the  beta  agonist  ;ilone. 


E 


ATlOfENT 

(ipratropium  bromide)  «i' 
INHALATION  SOLUTION 


ADDED  EFFICACY  WITHOUT  ADDED  SIDE  EFFECTS^ 


Atrovenf 

(ipratropium  bromide) 

Inhalation  Solution 

Brief  SummarY  of  Prescribing  Information 

CONTRAINDICATIONS  Atfovent  (jptatfopium  bromide}  is  conlfaindicated  in  known  or  suspected  cases  of 
' , .  *  ■       ' . ' . '    ;  r,)iropiufn  bromide,  or  to  atropine  and  its  derivatives. 

WARNINGS  itir  use  o(  Atrovenf  {ipratropium  bromide)  Intialation  Solution  as  a  single  agent  lor  ttie  reliel  ol 
broncfiospasm  m  acute  COPD  ewcefbation  has  not  been  adequately  studied  Drugs  with  laster  onset  of  action  may 
be  preferable  as  initial  therapy  in  this  siluation  Combination  ol  Atrovent  and  beta  agonists  has  not  been  shown  lo  be 
more  effective  than  either  drug  alone  in  reversing  the  bronchospasm  associated  wilh  acute  COPD  exacertation. 
PRECAUTIONS  General  Alrovent  (ipratropium  bromide)  should  be  used  with  caution  in  patients  witti  narrow 
d!  j'  ,  i .    "1  ;  ■  ''.Istic  hypertrophy  or  bladder-neck  obslruclion 

Information  tor  Patients  Patients  should  be  advised  ttut  temporary  blurring  ot  vision,  precipitation  or  worsening 
ot  narrow-angle  glaucoma  or  eye  pain  may  result  il  the  solution  comes  inio  direct  contact  with  the  eyes.  Use  ol  a 
nebulizer  wilh  mouthpiece  rather  than  lace  mask  may  be  preferable,  to  reduce  the  likelihood  ol  the  nebulizer  solution 
reaching  the  eyes.  Patients  should  be  advised  that  Atrovent  Inhalation  Solution  can  be  mixed  in  the  nebulizer  with 
albuterol  il  used  within  one  hour  Compatibility  data  are  not  currently  available  with  other  drugs  Patients  should  be 
reminded  that  Atrovent  Inhalation  Solution  should  be  used  consistently  as  prescribed  throughout  the  course  ot  therapy 
Drug  Interactions  Atrovent  has  been  shown  to  be  a  sate  and  effective  bronchodilalor  when  used  in  conjunction 
with  beta  adrenergic  bronchodilators  Atrovent  has  also  been  used  wilh  other  pulmonary  medications,  including 
methyl  xanthines  and  corlicosleroids.  withoul  adverse  drug  mleractions 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility  Two-year  oral  carcinogenicity  studies  in  rats  and 
mice  tiave  revealed  no  carcinogenic  potential  at  dietary  doses  up  to  6  mgAg/day  of  Atrovent  Results  ot  various 
mutagenicity  studies  (Ames  test,  mouse  dominant  lethal  test,  mouse  micronucleus  test  and  chromosome  aberration 
ol  bone  marrow  in  Chinese  hamsters)  were  negative  Fertility  ot  male  or  lemale  rats  al  oral  doses  up  to 
50  mg/kg/day  was  unaffected  by  Atrovent  administration  At  doses  above  90  mg/kg,  increased  resorption  and 
decreased  conception  rates  were  observed 

Pregnancy  TERA  TOGENIC  EFFECTS  Pregnancy  Category  B.  Oral  reproduction  studies  performed  in  mice,  rats  and 
rabbits  at  doses  of  10. 100.  and  125  mg/kg  respectively,  and  inhalation  reproduction  studies  in  rats  and  rabbits  at 
doses  of  1  5  and  1 .8  mg/kg  (or  approximately  38  and  45  times  the  recommended  human  daily  dose)  respectively, 
have  demonstrated  no  evidence  of  teralogenic  effects  as  a  result  of  Atrovent.  However,  no  adequate  or  well- 
controlled  studies  have  tieen  conducted  m  pregnant  women  Because  animal  reproduction  studies  are  not  always 
predictive  of  human  response,  Alrovent  should  be  used  during  pregnancy  only  il  clearly  needed 
Nursing  Mothers  It  is  not  known  whether  Atrovent  is  excreted  in  human  milk  Although  lipid-insoluble  quaternary 
bases  pass  into  breast  milk,  it  is  unlikely  that  Atrovent'  (ipratropium  bromide)  would  reach  the  inlant  to  a  stgmlicant 
extent,  especially  when  taken  by  inhalation,  since  Atrovent  is  not  well  absorbed  syslemically  after  inhalation  or  oral 
administration  However,  because  many  drugs  are  excreted  in  human  milk,  caution  should  be  exercised  when 
Atrovent  is  administered  to  a  nursing  woman 

Pediatric  Use  'xiir^ty  and  effectiveness  tn  children  below  the  age  of  12  have  nol  been  established. 
ADVERSE  REACTIONS  Adverse  reaction  inlormation  concerning  Atrovent'  (ipratropium  bromide)  Inhalation 
^iii'jtiMi  ;',  !i-'(;veij  irom  12-week  active-controlled  clinical  trials.  Additional  information  is  derived  Irom  foreign 
posl-maikelinq  experience  and  the  published  literature. 

All  adverse  events,  regardless  of  drug  relationship,  reported  by  three  percent  or  more  patients  in  the  12-week 
controlled  clinical  trials  appear  in  the  table  below. 

All  Adverse  Events,  from  Double-blind,  Parallel,  12-week  Studies  of  Patients  with  COPD* 

PERCENT  OF  PATIENTS 

Atrovenr     Alupent"     Atrovent"/Alupenr     Albuterol     Atrovenr/Albuterol 

(500  meg  t  i  d)  ( 15  mg  1 1  d)        (500  meg  1 1  d/        (2  5  mg  1 1  d)        (500  meg  1 1  d/ 
n=219  n=212  ISmgtid)  n=205  2  5mgtid) 


Influenza-like  symptoms  3  7 
Back  pain  32 

Chest  pain  32 


All  Adverse  Events,  from  Double-blind,  Parallel.  12-week  Studies  of  Patients  with  COPD* 


PERCENT  OF  PATIENTS 


Atrovenr 

(500  meg  1, 
n=219 

Alupent' 

d)  (ISmgtid) 
n=212 

Alrovenr/Alupent' 

1500  meg  lid/ 

15mgl,id) 

n=108 

Cardiovascular 

Disorders 

Hypertension/ 

Hypertension 
Aggravated 

09 

1.9 

09 

Central  &  Periplieral 
Nervous  System 

Di22iness 

23 

33 

19 

Insomnia 

09 

05 

4,6 

Tremor 

09 

71 

83 

Nervousness 

05 

47 

65 

Gastrointestinal 

System  Disorders 

Moulh  Dryness 

32 

00 

19 

Nausea 

41 

38 

19 

Constipation 

09 

00 

37 

Musculo-skeletai 

System  Disorders 

Arttiritis 

09 

1  4 

09 

Respiratory  System 
Disorders  (Lower) 

Couqtlinq 

46 

80 

65 

Dyspnea 

96 

13,2 

16,7 

Broncliilis 

146 

245 

157 

Bronchospasm 

23 

28 

46 

Sputum  Increased 

14 

14 

46 

Respiratory  Disorder 

00 

61 

65 

Respiratory  System 
Disorders  (Upper) 

Upper  Respiratory 

Trad  Intection 

132 

113 

93 

Pharyngitis 

37 

42 

56 

Rhinitis 

23 

4.2 

19 

Sinusitis 

23 

28 

09 

Albuterol     AtroventVAIbuterol 

(25mgtid)        (500mcgtid/ 
n=205  2  5  mg  1 1,0) 


'All  adverse  events,  regardless  ol  drug  relationship,  reported  by  three  percent  oi  more  patients  in  the  12-week 
controlled  clinical  trials 

Additional  adverse  reactions  repotted  in  less  than  three  percent  ol  the  patients  treated  with  AtrovenI  include 

tachycardia,  palpitations,  eye  pain,  urinary  retention,  urinary  tract  inleclion  and  urticaria  A  single  case  ol 

anaphylaxis  thought  to  be  possibly  related  to  Atrovent  has  been  reported  Cases  ot  precipitation  or  worsening  ot 

narrow-angle  glaucoma  and  acute  eye  pain  have  been  reporled. 

Lower  respiratory  adverse  reactions  (bronchitis,  dyspnea  and  bronchospasm)  were  the  most  common  events 

leading  to  discontinuation  ot  Atrovent  therapy  in  the  12-weel(  trials  Headache,  mouth  dryness  and  aggravation  of 

COPD  symptoms  are  more  common  when  the  total  daily  dose  ot  Atrovent  equals  or  exceeds  2,000  meg 

HOW  SUPPLIED  Aimvent'  (ipratropium  bromide)  Inhalation  Solution  Unit-Dose  Vial  is  supplied  as  a  002% 

clear,  colorless  solution  containing  2  5  ml  with  25  vials  per  toil  pouch  (NDC  0597-0080-62)  Each  vial  is  made 

Irom  a  low  density  polyethylene  (LDPf )  resin 

Consult  package  insert  before  prescribing. 

AS-BS-9/93 


'  When  used  in  combination  with  a  beta-agonist  solution,  ATROVENT  does  not  significantly  increase  side  effects  associated  with  the  beta  agonist  alone. 

References:  1.  kviii  1k:,  l.illle  KS,  Uugliliii  KK,  Gaibraitli  JM,  Ipralropium  liromide  solutlrai  in  COPD  augmtiiLs  exlenl  and  duration  of  FliV,  increases  achieved  by  alliulerul  up  lo 
KSdajs  Clxml.  I99.^;lf)4(suppl  lo  No.  2):1 12S,  Al)stracl,  2.  Data  on  file,  Hochringer  liigellieiiii  Phannticeuticals,  Inc.  3.  ATK()V1':nT"  (ipratropium  bromide)  Inliahiiion  Siilulion  full 
Pnsciibing  Information, 


Boehrinaer     Boetirlnger  Ingelheim 
I  11.    •  Pliarmaceulicats.  Inc, 

Ingelheim      Ridgeiieid,  ct  06877 
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for 

Respiratory 

Care 

' 

The  AARC  Human 
Resources  Survey: 
A  Study  of 
Respiratory  Care 
Human  Resources 
in  Hospitals 

Covers  a  wide  range  of  human  resource 

issues,  including  compensation,  numbers 

of  full-time  equivalents,  job  vacancy 

rates,  education,  credentialing,  and 

licensure.  Even  includes  information  on 

age,  sex,  and  years  of  experience.  Includes  comprehensive  summary, 

position  profiles,  salaries,  education,  experience,  credentials,  and  regional 

demographics.  Vacancies  arc  inventoried.  68  pages,  66  tables. 

Item  BK12  $35  ($50  nonmembers) 


A  Study  of 
Chronic  Ventilator 
Patients  in  the 
Hospital 

Chronic  ventilator-dependent  patients 
are  costing  American  hospitals  more 
than  $9  million  per  day  according  to 
this  Gallup  study  conducted  for  the 
AARC.  This  important  study  provides 
information  on  patients  who  depend  on 
life-support  systems;  why,  how,  and 
where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  12 
figures. 
Item  BK20  $25  ($50  nonmembers) 

A  Study  of 
Respiratory  Care 
Practice 

This  study  examines  the  practice  of 
respiratory  care  in  today's  health  care 
environment  and  how  hospital 
reorganization  is  affecting  the 
profession.  Includes  chapters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
respiratory  care  protocols,  and  hospital 
service  reorganization.  38  pages, 
34  tables,  15  charts. 
Item  BK17  $20  ($40  nonmembers) 
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American 

Association 

for 
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Care 

i 

Policy  & 

Procedure 

Manual 


Policy  and 
Procedure 
Manual 

Sa\'e  tmie  and  nionev  b\' 

making  your  department 

more  efficient  with  the 

Policy  and  Procedure 

Manual.  Its  130  pages  of 

policies  and  procedures 

cover  the  aspects  of 

administrative  and  clinical 

respiratory  care  for  both 

adult  and  pediatric  practice. 

Sections  on  administrative 

policies,  therapeutics,  clinical 

monitoring,  and  mechanical 

ventilation.  Standardized  formats  include  objectives,  indications, 

equipment,  policies,  contraindications,  troubleshooting,  procedures, 

hazards,  and  assessment  of  effectiveness. 

Item  BK6  $60  ($70  nonmembers) 


Respiratory 
Home  Care 
Equipment 


Reipnatory  Home  Care 

Equipment  exclusively 

covers  home  care 

equipment  with  practical 

applications  and  charts  on 

oxygen  concentrators, 

liquid  units,  air 

compressors,  and  home 

care  ventilators.  An 

invaluable  book  for  the 

home  care  practitioner  and 

equipment  technician. 

Details  home  care  devices, 

cleaning,  disinfecting,  and 

monitoring  procedures  to 

minimize  infection.  Includes  guides  for  educating  staff  on 

equipment,  therap)',  patient  assessment,  and  safety.  Features 

procedures  for  gas  administration  and  monitoring  devices, 

humidifiers  and  nebulizers,  anificial  airways  and  resuscitators, 

respirators,  and  ventilators.  By  Steven  P.  McPherson.  Hardcover, 

192  pages,  141  illustrations,  6  tables. 

Item  BK7  $9  ($12  nonmembers) 


Orders  with  credit  cards  or  P.O.  numbers  may  call 
(214)  243-2272,  or  Fax  to  (214)  484-2720, 
If  ordering  by  mail,  send  coupon  to: 
AARC  Order  Department,  11030  Abies  Lane, 
Dallas,  Texas  75229-4593. 


A/to*v  Iwo  dayi  lor  order  prorxssing  for  regular  and  express  shipping  Addresses  outside  the 
continental  U  S  require  an  additional  S5  tor  orders  up  to  S tOO:  add  SlOtor  orders  over  ^too 


UPS  Reg. 
325 


UPS  2nd  Day 

6.00 


UPS  Next  Day 

14.00 


$16  to  $30 

3.75 

8.00 

1800 

$31  to  $50 

4.50 

11.00 

2400 

$51  to  $75 

5.50 

13.00 

31.00 

$76  to  $100 

7.00 

16.00 

38.00 

$101  to  $125 

8.00 

19.00 

50.00 

$126  to  $150 

10.00 

22.00 

60.00 

n  Please  send 
Item 


me  the  items  I  have  indicated  below. 
Description Quantity 


Price  Each       Total  Price 


Ship  via  UPS  D  Regular    n  2nd  Day    n  Next  Day 
Please  use  the  chart  to  the  left  to  calculate  shipping. 


Shipping, 
Merchandise 
TOTAL  „ 
G  Check  or  Money  Order  enclosed  payable  to  the  AARC 

n  Bill  me,  my  P.O.  No.  is ^ 

n  Charge  to  my    n  Visa     n  MasterCard 

Card  # Exp.  Date Signature  >< 
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I'lTNistenl  Wheezing  and  Castroesophageai 
Reflux  in  Infants— NS  Eid,  RW  Shepherd,  MA 
I  iKiniMin.  Pedialr  Puhiionol  1994:18:39. 

We  ha\e  evaluated  the  presence  of  gastro- 
esophageal reflux  (GERl  and  the  effect  of  its 
tfeatment  in  12  infants  (mean  age,  7  months: 
range,  4-11  months!  with  persistent  wheezing 
not  responding  to  bronchodilators  and  anti-in- 
flatnmator^'  asthma  medications.  All  patients 
had  GER  on  cineradiography  and  significant 
acid  reflux  on  24-hour  pH  monitoring  (percent- 
age of  time  pH  <  4  ranged  from  6. 1  to  ATy'c).  All 
infants  were  initially  treated  with  prokinetic 
agents  and  with  receptor  histamine  antagonists 
in  addition  to  aggressive  pulmonary  therapy.  Six 
patients  tfeated  medically  had  substantially  de- 
creased use  of  asthma  inedications,  completely 
discontinuing  them  within  2-4  months.  Two  pa- 
tients, though  significantly  improved,  require  in- 
termittent a.sthma  therapy.  Four  patients  re- 
sponding poorly  to  GER  and  asthma  L-eatment 
for  2  months  to  2  years  had  fundoplications. 
These  had  an  excellent  outcome  over  1-4.5  years 
follow-up:  only  one  patient  required  funher  asth- 
ma medications.  Pulmonary  function  testing  was 
done  in  six  patients  before  and  after  6-8  weeks  of 
therapy  indicating  significant  improvement  in 
peripheral  airflow:  terminal  flow/peak  tidal  expi- 
ratory flow  (TEF,,/PTEF),  and  percentage  of 
total  expiratory  time  to  reach  peak  tidal  expirato- 
ry flow  (Tp/Te  or  T,„e/Te).  Our  experience  sug- 
gests that  evaluation  for  GER  should  be  consid- 
ered in  infants  with  persistent  wheezing. 
Aggressive  medical  and  possibly  surgical  thera- 
py for  GER  may  resolve  persistent  wheezing. 

Prenatal  Cocaine  Exposure  Alters  Postnatal 
Hypoxic  Arousal  Responses  and  Hypercarbic 
Ventilatory  Responses  but  not  Pneumocar- 
diograms  in  Prenatally  Cocaine-P^xpo.sed 
Term  Infants — JL  Gingras,  A  Muelenaer,  LB 
Dalley,  KJ  O'Donnell.  Pediatr  Pulmonol 
1W4;1X:1.\ 

To  test  the  hypothesis  that  respiratory  control  is 
altered  in  cocaine-exposed  infants,  we  evaluated 
the  hypoxic  arousal  response  and  the  ventilatory 
response  to  carbon  dioxide  (COi)  in  18  term 
newborn  infants  prenatally  exposed  to  cocaine 
and  in  10  healthy,  term  newborn  infants  within 
ihc  first  week  of  life.  Three  infants  could  not  be 
tested  for  the  hypoxic  arousal  response  because 
of  low  ba.seline  oxygen  saturation,  and  data  from 
these  infants  were  excluded  from  analysis. 
Twelve  hour  overnight  pneumocardiograms 
were  performed  on  all  infants.  Results  show  that 
W/i  (y/l.'i)of  the  prenatally  cocaine-exposed  in- 
fants had  an  abnonnal  hypoxic  arousal  response 
and  877f  (  LVlli)  had  abnormal  hypercarbic  ven- 
tilatory response.  Only  69i  (1/15)  of  the  prena- 
tally c(K'aine-exposcd  infants  dcinonstrated  any 
abnormality  on  pnciunocardiogram.  In  contrast. 


all  control  infants  (10/10)  were  aroused  by  the 
hypoxic  challenge  and  80%  (8/10)  had  normal 
ventilatory  response  to  CO2.  No  abnormalities 
were  found  in  the  assessment  of  the  overnight 
pneumix-ardiogram  in  the  control  infants.  For 
the  cocaine-exposed  infants,  test  abnormalities 
were  not  correlated  with  a  concurrent  positive 
urine  toxicology  for  cocaine,  suggesting  that  the 
injuiy  occurs  early  in  development.  These  find- 
ings support  the  hypothesis  that  infants  prenatal- 
ly exposed  to  cocaine  demonstrate  abnormalities 
of  respiratory  control. 

Comparison  of  Supine  and  Prone 
Noninvasive  Measurements  of  Breathing 
Patterns  in  Fullterm  Nev»borns — JA  Adams. 
lA  Zabaleta,  MA  Sackner.  Pediatr  Pulmonol 
1994:18:8. 

The  current  study  was  undertaken  to  ascertain 
whether  shift  from  supine  to  prone  posture  alters 
the  pattern  of  natural  breathing  in  healthy  full- 
term  newborns.  Breathing  patterns  were  mea- 
sured in  the  supine  and  prone  posture  in  20 
healthy  fullterm  infants  using  calibrated,  nonin- 
vasive respiratory  inductive  plethysmography 
(RIP).  The  values  for  breathing  pattern  compo- 
nents in  supine  and  prone  postures  expressed  as 
means  (±SD)  were,  respectively,  tidal  volume 
(Vt)  14.1  (±3.2)  and  18.9  (±4.9)  mL:  mean  in- 
spiratory flow  26.7  (±11.5)  and  32.8  (±13.0) 
mL/s:  and  minute  vemilation  232  (±75)  and  288 
(±96)  niL/kg/min  (p  <  0.01).  Less  thoracoab- 
dominal incoordination,  expressed  as  the  labored 
breathing  index  (LBI).  occurred  with  shift  from 
supine  to  prone  posture  in  infants  studied  in  the 
active  behavioral  stage,  changing  from  2.0 
(±0.5)  to  1.3  (±0.4)  (p  <  0.01).  Placement  of  a 
facemask-pneumotachograph  system  increased 
Vj  measured  with  RIP  by  26%  in  the  supine,  and 
18%  in  the  prone  posture.  Neither  respiratory 
rate  nor  inspiratory  time  (T,)  changed  with  the 
postural  shift.  Therefore,  change  from  supine  to 
prone  posture  improved  ventilation  and  in- 
creased respiratory  drive  as  expressed  by  Vt/T,. 
Funher,  thoracoabdominal  incoordination  which 
took  place  during  active  sleep  in  the  supine  pos- 
ture, lessened  with  change  to  the  prone  posture. 

Lack  of  Association  of  Glucocorticoid 
Therapy  and  Retinopathy  of  Prematurity — K 

Wright.  SP  Wright.  Arch  Pediatr  Adolesc  Med 
1994:148:848. 

OBJECTIVE:  To  detennine  if  glucocorticoid 
therapy  alters  the  severity  of  retinopathy  of  pre- 
maturity (ROP).  DESIGN:  Relro.spective  sur- 
vey. SETTING:  Tertiary  intensive  care  nursury. 
PATIHNTS:  One  hundred  forty-seven  surviving 
infants  with  birth  weight  of  1.25  kg  or  less  bom 
July  1990  through  January  1993.  OUTCOMli 
MEASURES:  Maximum  stage  of  retinopathy 
and  the  need  for  cryosurgery,  RliSl'l.TS:  Using 


logistic  regression,  neither  corticosteroid  expo- 
sure nor  total  corticosteroid  dose  was  associated 
with  either  ROP  greater  than  stage  2  or 
cryosurgery.  The  significant  predictors  of  ROP 
greater  than  stage  2  were  birth  weight  and  the 
duration  of  supplemental  oxygen  therapy.  The 
only  significant  risk  factor  for  cryosurgery  was 
gestational  age.  CONCLUSIONS:  No  associa- 
tion between  corticosteroid  therapy  and  the 
severity  of  ROP  was  found  after  controlling  for 
tfaditional  risk  factors  such  as  birth  weight,  ges- 
tational age.  and  duration  of  supplemental  oxy- 
gen therapy. 

Risk  Factors  for  Bronchopulmonary 
Dysplasia  after  Extracorporeal  Membrane 
Oxygenation — MS  Komhauser.  JA  Cullen.  S 
Baumgart.  LJ  McKee,  GW  Gross,  AR  Spriuer. 
Arch  Pediatr  Adole.sc  Med  1994: 148:820. 

OBJECTIVE:  To  determine  risk  factors  for  the 
development  of  bronchopulmonary  dysplasia 
(BPD)  after  tteatment  with  extracorporeal  mem- 
brane oxygenation  (ECMO).  DESIGN: 
Retrospective  case-control  study.  SETTING: 
Tertiary  care  level  3  neonatal  intensive  care  unit. 
PARTICIPANTS:  Seventy-three  newborns 
treated  with  ECMO  for  severe  respiratory  failure 
during  a  5-year  period,  who  survived  until  day  of 
life  28,  and  who  did  not  have  pulmonary  hy- 
poplasia as  the  initial  cause  for  respiratory  fail- 
ure. INTERVENTIONS:  None.  MAIN  OUT- 
COME MEASURE:  The  presence  of  BPD  after 
Ueatment  with  ECMO.  which  was  defined  as 
oxygen  and/or  ventilatory  requirements  at  day  of 
life  28.  with  characteristic  abnormalities  seen  on 
chest  x-ray  film.  RESULTS:  The  age  at  ECMO 
initiation  was  significantly  greater  for  patients 
with  BPD  compared  with  patients  without  BPD 
(mean±SD,  135+68  hours  vs  50±37  hours:  p  < 
0.00 1 ).  There  was  an  1 1 .5-fold  increa,sed  risk  for 
the  development  of  BPD  if  ECMO  was  initiated 
at  greater  than  96  hours  of  age.  The  primary  di- 
agnosis of  respiratory  distress  syndrome  impart- 
ed a  5.2-fold  increased  risk  for  the  development 
of  BPD.  Patients  with  BPD  required  ECMO  sig- 
nificantly longer  than  patients  without  BPD 
(203±73  hours  vs  I22±51  hours:  p  <  O.OOI). 
CONCLUSIONS:  These  results  demonstrate 
that  delayed  use  of  ECMO  in  treating  neonatal 
respiratory  failure  is  associated  with  an  increased 
risk  for  the  development  of  BPD  and  a  longer 
duration  of  ECMO  therapy. 

Possible  Nosocomial  Transmission  of 
Pseudomonas  cepacia  in  Patients  with  Cystic 

Fibroses— DA  Pegues,  DV  Schidlow,  OC 
Tablan,  LA  Carson.  NC  Clark.  WR  Jarvis.  Arch 
Pediatr  Adolesc  Med  1994:148:805. 

OBJECTIVE:  To  determine  whether  no.socomi- 
al  transmission  of  Pseudomoiuis  ccptwia  oc- 
cuned  at  a  hospil;il  w ilh  endemic  P  trpiiciii  in- 
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fection  of  palienls  with  cystic  fibrosis.  DESIGN: 
Two  retrospective  case-control  studies.  SET- 
TING: A  large  pediatric  cystic  fibrosis  center. 
PARTICIPANTS:  To  assess  risk  factors  for  ac- 
quisition of  P  cepacia,  18  cases,  defined  as  any 
patient  with  cystic  fibrosis  with  first  documented 
isolation  of  P  cepacia  in  1988  or  1989.  were 
compared  with  18  matched  P  cepacia-negauve 
controls  with  cystic  fibrosis.  To  assess  potential 
modes  of  nosocomial  P  cepacia  transmission,  14 
cases  with  a  hospitalization! s)  between  their  last 
P  ct'/xic'/a-negative  culture  and  first  P  cepacia- 
positive  culture  were  compared  with  14  hospital- 
ized P  cepacia-negawe  controls  with  cystic  fi- 
brosis. METHODS:  Handwiping  cultures  (N  = 
68)  and  selective  environmental  cultures  were 
performed.  MAIN  RESULTS:  Cases  tended  to 
be  more  likely  than  controls  to  have  been  hospi- 
talized at  the  cystic  fibrosis  center  in  the  3 
months  before  their  first  P  tf/iaria-positive  cul- 
ture (p  =  0.08).  In  addition,  cases  tended  to  be 
more  likely  than  hospitalized  controls  with  cys- 
tic fibrosis  to  have  had  a  P  cepacia-po'ixlne 
roommate  (p  =  0.06)  before  becoming  colonized 
with  P  cepacia  organisms.  Pseudomonas  cepa- 


cia was  cultured  from  the  hands  of  two  individu- 
als: a  P  cfpar/o-colonized  patient  who  had  just 
undergone  chest  physiotherapy  and  consequent 
coughing  and  the  investigator  who  shook  the  P 
ff/jar/a-positive  patient's  hand  after  the  pa- 
tient's prodedure.  CONCLUSIONS:  These  re- 
sults suggest  that  in  this  cystic  fibrosis  center, 
hospitalization  is  a  risk  factor  for  P  cepacia  ac- 
quisition and  that  person-to-person  transmission 
of  P  cepacia  may  occur  in  the  hospital  via  hand 
contact. 

Nebulized  Budesonide  for  Children  with 
Mild-to-Moderate  Croup — TP  Klassen,  ME 
Feldman,  LK  Waners,  T  Sutcliffe,  PC  Rowe.  N 
EnglJMed  1994:331:285. 

BACKGROUND:  Although  recent  evidence  has 
strongly  supported  the  use  of  glucocorticoid 
therapy  in  children  hospitalized  with  croup,  the 
benefit  of  this  therapy  in  children  with  less  se- 
vere croup  has  not  been  documented.  This  ran- 
domized, double-blind  ffial  compared  a  nebu- 
lized glucocorticoid,  budesonide.  with  placebo 
in  outpatients  with  mild-to-moderate  croup. 


METHODS.-  Children  3  months  to  5  years  of 
age  were  eligible  for  the  study  if  their  croup 
scores  fell  in  the  mild-to-moderate  range  (scores 
of  2  to  7  out  of  a  possible  17).  The  patients  were 
randomly  assigned  to  receive  either  2  mg  (4  mL) 
of  nebulized  budesonide  (27  children)  or  4  mL 
of  nebuhzed  normal  saline  (27  children);  they 
were  then  assessed  hourly  for  up  to  4  hours  by 
investigators  who  were  unaware  of  the  assigned 
treatments.  RESULTS:  The  median  croup  score 
at  entry  into  the  study  was  4  in  both  groups.  At 
the  final  study  assessment,  the  median  score  was 
significantly  lower  in  the  budesonide  group  than 
in  the  placebo  group  (1  vs  3.  p  =  0.005).  The  pa- 
tients in  the  budesonide  group  were  discharged 
from  the  emergency  department  significantly 
earlier  than  those  in  the  placebo  group  (p  = 
0.(X)2).  One  week  after  enrollment,  21  patients 
assigned  to  placebo  had  received  dexametha- 
sone,  as  compared  with  15  patients  assigned  to 
budesonide  (p  =  0. 10),  and  7  patients  assigned  to 
placebo  had  been  admitted  to  the  hospital,  as 
compared  with  1  patient  assigned  to  budesonide 
(p  =  0.05).  CONCLUSIONS:  We  conclude  that 
nebulized  budesonide  leads  to  a  prompt  and  im- 
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portanl  clinical  imprinemenl  in  children  willi 
mild-to-moderate  croup  who  come  to  the  enier- 
gencv  department. 

Physiologic  KfTects  of  Positive  End-Expiratorj 
Pressure  and  Mask  Pressure  Support  during 
Exacerbations  of  Chronic  Obstructive 
Pulmonarj  Disease — L  Appending  A  Patessio, 
S  Zanaboni.  M  Carone.  B  Guko\ .  C  F  Donner.  A 
Rossi.  Am  J  Respir  Crit  Care  Med  1 994: 1 49: 1 069. 

To  assess  physiologic  effects  of  continuous  posi- 
ti\e  ainvay  pressure  (CPAP)  and  positive  end- 
expiratory  pressure  (PEEP)  during  noninvasive 
pressure  support  ventilation  (PSV)  in  patients 
with  acute  exacerbation  of  chronic  obstructive 
pulmonary  disease  (CORD),  we  measured  in 
seven  patients  the  breathing  pattern,  lung  me- 
chanics, diaphragmatic  effort  (PTPdi),  and  arte- 
rial blood  gases  under  four  conditions:  ( 1 )  spon- 
taneous breathing  (SB):  (2)  CPAP:  (3)  PSV  of 
10  cm  H:0:  and  (4)  PSV  plus  PEEP 
(PEEP+PSV).  CPAP  and  PEEP  were  set  be- 
tween 80  and  90%  of  dynamic  intrinsic  PEEP 
(PEEPij^n)  measured  during  SB  and  PSV,  re- 
spectixely.  PEEPidj„  was  obtained  from  ( 1 )  the 
decrease  in  pleural  pressure  (APpl)  preceding  in- 
spiration, and  (2)  subtracting  the  fall  in  gastric 
pressure  (APga)  caused  by  relaxation  of  the  ab- 
dominal muscles  from  the  APpl  decrease. 
Abdominal  muscle  activity  made  PEEPidyn  over- 
estimated in  almost  all  instances  (p  <  0.0001). 
PSV  increased  minute  ventilation,  improved  gas 
exchange,  and  decreased  PTPdi.  PEEP  added  to 
PSV,  likewise  CPAP  compared  with  SB,  further 
significantly  decreased  the  diaphragmatic  effort 
(PTPdi  went  from  322±1 1 1  to  203±63  cm  H^O  ■ 
s)  by  counterbalancing  PEEPidyn,  which  went 
from  5.4±4.0  to  3.1±2.3  cm  H2O.  These  data 
support  the  use  of  low  levels  of  PEEP  (80  to  907r 
of  PEEPijyn)  to  treat  acute  exacerbation  of 
COPD  by  means  of  mask  PSV. 

Patient  Work  of  Breathing  during  Pressure 
Support  and  Volume-Cycled  Mechanical 
Ventilation— JW  Kreit.  MW  Capper.  WL 
Eschenbacher.  Am  J  Respir  Crit  Care  Med 
1994;l49:l(J8.'i. 

A  computer-assisted  technique  based  on  the 
equation  of  motion  of  the  respiratory  system  was 
used  to  measure  inspiratory  work  of  breathing  in 
I  I  patients  during  pressure  support  ventilation 
(PSV)  and  assisted,  volume-cycled  mechanical 
ventilation  (AMV).  During  both  modes  of  venti- 
lation, patient  work  of  breathing  was  calculated 
as  the  difference  between  the  total  work  per- 
fonned  on  the  respiratory  system  (as  predicted 
by  the  equation  of  motion)  and  the  work  per- 
formed by  the  ventilator.  Patient  work  of  breath- 
ing during  AMV  was  also  calculated  as  the  dif- 
ference between  ventilator  work  measured  dur- 
ing assisted  and  controlled  mechanical  breaths. 
By  either  method  of  work  calculation,  palicnl 


work  of  breathing  during  AMV  was  less  than 
previously  reported.  In  addition,  when  equal 
tidal  volumes  were  delivered,  there  was  no  sig- 
nificant difference  between  the  work  performed 
by  the  patient  during  AMV  and  PSV.  Patient 
v\ork  of  breathing  during  PSV  was  found,  how- 
ever, to  vary  inversely  with  the  level  of  pressure 
support.  We  conclude  that  ( 1 )  patient  work  of 
breathing  during  AMV  and  PSV  can  be  calculat- 
ed using  a  computer-assisted  technique  based  on 
the  equation  of  motion  of  the  respiratory  system, 
and  (2)  depending  on  the  amount  of  pressure 
support  provided,  patient  work  of  breathing  dur- 
ing PSV  may  be  greater  than,  less  than,  or  equal 
to  the  work  performed  during  AMV. 

Sequential  Changes  in  Vital  Signs  and  Acid- 
Base  and  Blood-Gas  Profiles  in  Pneumocystis 
carinii  Pneumonitis  in  Children  with  Cancer: 
Basis  for  a  Scoring  System  To  Identify 
Patients  Who  Will  Require  Ventilatory 
Support— SK  Sanyal.  FS  Chebib.  JR  Gilbert. 
WT  Hughes.  Am  J  Respir  Crit  Care  Med 
1994:149:1092. 

Early  reliable  identification  of  patients  with 
Pneumocystis  carinii  pneumonia  (PCP)  who  will 
require  ventilatory  support  would  be  desirable. 
To  develop  a  predictive  system  to  meet  this 
need,  we  studied,  prospectively,  the  sequential 
alterations  in  vital  signs  and  acid-base  and 
blood-gas  profiles  associated  with  this  disease  in 
55  children  with  cancer,  29  of  whom  did  not  re- 
quire ventilatory  support  (Group  I)  and  26  who 
did  (Group  II).  None  of  the  patients  had  acquired 
immunodeficiency  syndrome  (AIDS).  On  ad- 
mission to  the  hospital  the  only  feature  that  dis- 
tinguished patients  in  Group  I  from  those  in 
Group  II  was  the  mean  (±SD)  respiratory  rate 
(38.7±2.1  versus  49.1±3.5  breaths/min.  p  < 
0.02).  By  12  h  after  admission  there  was  a  signif- 
icant difference  in  the  partial  pressure  of  oxygen 
(PaO;)  between  Groups  I  and  II  (75.1±3.2  mg  Hg 
versus  65.4±3.1  mm  Hg.  p  <  0.05).  and  also  in 
the  two  groups'  inspired  fraction  of  oxygen 
(Fio::  24.9±0.54%.  versus  29.6±l.6'7r,  p  <  O.OI ). 
Both  alterations,  as  well  as  tachypnea,  persisted 
for  the  remainder  of  the  study  period.  The  maxi- 
mum Fjo;  did  not  exceed  459c  in  Group  I.  and  by 
60  h  after  admission  to  the  hospital,  all  patients 
in  this  group  had  persistent  increases  in  Pm:  that 
exceeded  80  mm  Hg,  permitting  decreases  in 
Fio;  to  that  of  room  air.  In  Group  II.  hypoxemia 
was  refractory  despite  an  increase  in  Fio,  to 
509c,  at  which  point  ventilatory  support  was 
begun  (at  a  mean  of  81.1+32.3  h  after  admis- 
sion). Discriminant-function  analysis  of  the  vital 
signs  and  blood-gas  and  acid-base  measure- 
ments in  the.se  patients  allowed  us  to  devise  a 
scoring  system  to  predict  the  need  for  ventilatory 
support  during  the  course  of  PCP.  Scores  based 
on  information  collected  at  36  h  after  admission 
would  have  identified  with  91%  success  those 
patients  who  rei|uircd  ventilatory  support.  These 


findings  demonstrate  distinctive  alterations  in 
respiratory  rate  and  arterial  oxygenation  associ- 
ated with  PCP  in  children  with  cancer  without 
AIDS  who  subsequently  require  ventilatory  sup- 
port. The  proposed  scoring  system,  after  valida- 
tion in  other  patient  cohorts  with  PCP  associated 
with  either  AIDS  or  other  immunosuppressive 
diseases,  may  permit  more  timely  decisions  re- 
garding early  hospitalization  and  supportive 
therapy,  which  may  be  lifesaving. 

Tidal  Ventilation  at  Low  .'Xirway  Pressures 
Can  Augment  Lung  Injury — JG  Muscedere. 
JBM  Mullen.  K  Gan,  AS  Slutsky.  Am  J  Respir 
Cnt  Care  Med  1994:149:1327. 

Intermittent  positive  pressure  ventilation  with 
large  tidal  volumes  and  high  peak  airway  pres- 
sures can  result  in  pulmonary  barotrauma.  In  the 
present  study,  we  examined  the  hypothesis  that 
ventilation  at  very  low  lung  volumes  can  also 
worsen  lung  injury  by  repeated  opening  and 
closing  of  airway  and  alveolar  duct  units  as  ven- 
tilation occurs  from  below  to  above  the  inflec- 
tion point  (  P,„t )  as  determined  from  the  inspirato- 
ry pressure-volume  curve.  We  ventilated  isolat- 
ed, nonperfused,  lavaged  rat  lungs  with  physio- 
logic tidal  volumes  (5  to  6  niL/kg)  at  different 
end-expiratory  pressures  (above  and  below  Pm,) 
and  studied  the  effect  on  compliance  and  lung 
injury.  In  the  groups  ventilated  with  positive 
end-expiratory  pressure  (PEEP)  below  P,„i,  com- 
pliance fell  dramatically  after  ventilation.  It  did 
not  change  in  either  the  control  group  or  the 
group  ventilated  w  ith  PEEP  above  P,n|.  Lung  in- 
jury assessed  morphologically  was  significantly 
greater  in  the  groups  ventilated  with  a  PEEP 
below  P|„|,  and  in  these  groups  the  site  of  injury 
was  dependent  on  the  level  of  PEEP.  The  group 
ventilated  without  PEEP  had  significantly 
greater  respiratory  and  membranous  injury  to 
bronchioles,  while  the  group  ventilated  with 
PEEP  of  4  cm  H2O  had  significantly  greater 
alveolar  duct  injury.  In  conclusion,  ventilation  at 
lung  volumes  below  those  found  at  Pjnf  caused  a 
significant  decrease  in  lung  compliance  and  pro- 
gression of  lung  injury.  Therefore,  in  addition  to 
high  airway  pressures,  end-expiratory  lung  vol- 
ume is  an  important  dctenninant  of  the  degree 
and  site  of  lung  injury  during  positive-pressure 
ventilation. 

Self-Rated  Health  and  Mortality  in  the  High- 
Eunctioning  Elderly:  A  Closer  Look  at  Healthy 
Individuals — Mac.\rthur  Eield  Study  of 
.Successful  Aging  — DE  Schoenfcld.  LC 
Malmrose.  DG  Blazer.  DT  Gold.  TE  Seeman.  J 
Gerontol  I994:49(3):MI09. 

BACKGROUND:  This  study  tested  the  predic- 
tive value  of  self-rated  health  on  3-year  inortal- 
ily.  with  attention  focused  on  healthy,  high- 
functioning  elders.  METHODS:  Data  from  the 
MacAnhiir  Field  Study  of  Successful  Aging 
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were  utilized.  Subjects  were  70-79-year-old  (at 
baseline)  residents  of  the  communities  of  East 
Boston  MA.  New  Haven  CT,  and  a  five-county 
area  in  and  around  Durham  County  NC  (N  = 
1192),  which  comprise  three  sites  of  the 
Established  Populations  for  Epidemiologic 
Studies  of  Elderly  (EPESE).  In-home  inter- 
views were  conducted  in  1988  and  1991. 
Logistic  regression  was  performed  to  create 
odds  ratios  adjusted  for  age.  sex.  race,  marital 
status,  education,  alcohol  consumption, 
cigarette  smoking,  chronic  diseases,  past  hospi- 
talizations, and  cognitive  function.  The  sample 
was  then  divided  into  healthy  and  less  healthy 
cohorts  based  on  number  of  chronic  diseases, 
and  the  analyses  were  repeated.  RESULTS: 
The  adjusted  odds  ratios  for  self-ratios  for  self- 
rated  health  (poor/bad  ratings  compared  to  ex- 
cellent ratings)  in  relation  to  mortality  were 
19.56  in  the  general  sample.  93.51  in  the 
healthy  cohort,  and  2.75  in  the  less  healthy  co- 
hort. CONCLUSION:  Self-rated  health  is  pre- 
dictive of  mortality  in  controlled  analyses,  with 
the  greatest  impact  seen  in  healthy  individuals. 
Health  care  professionals  should  be  sensitive  to 


the  significance  of  poor  self-rated  health  in  ap- 
parently healthy  patients. 

Predicting  Changes  in  Physical  Performance 
in  a  High-Functioning  Elderly  Cohort: 
MacArthur  Studies  of  Successful  Aging — TE 

Seeman.  PA  Charpentier.  LF  Berkman.  ME 
Tinetti.  JM  Guralnik.  M  Albert.  D  Blazer,  JW 
Rowe.  J  Gerontol  1994;49(3):M97. 

BACKGROUND:  Performance-based  mea- 
sures of  physical  performance  were  examined 
for  an  older  cohort  of  relatively  high-function- 
ing men  and  women.  Relationships  between 
baseline  physical  performance  and  sociodemo- 
graphic  and  health  status  characteristics  were 
also  examined.  Three-year  pattern  changes  in 
performance  are  described,  and  sociodemo- 
graphic  and  health  status  predictors  of  change 
are  investigated.  METHODS:  A  cohort  of  rela- 
tively high-functioning  men  and  women,  aged 
70-79,  was  identified  in  1988  by  subsampling 
from  three  community-based  studies  on  the 
basis  of  physical  and  cognitive  function. 
Baseline  in-home  assessments  included  tests  of 


physical  performance  and  measurement  of  so- 
ciodemographic  characteristics  and  health  sta- 
tus. A  summary  measure  of  physical  perfor- 
mance was  developed  from  test  of  balance, 
gait,  lower  body  strength  and  coordination,  and 
manual  dexterity.  In-home  assessments  were 
repeated  at  follow-up  in  1991.  RESULTS: 
Better  physical  performance  at  baseline  was 
more  common  among  males.  Whites,  those  re- 
porting higher  income  and  education,  and 
those  with  fewer  chronic  conditions.  In  linear 
regression  models,  declines  in  performance 
were  predicted  by  older  age.  lower  income, 
higher  education,  relative  weight  and  blood 
pressure,  lower  peak  expiratory  flow,  prevalent 
diabetes  and  incident  health  conditions  and 
hospitalizations  during  follow-up. 
Improvements  in  performance  were  also  ob- 
served; the  only  significant  association  was 
with  race  (ie.  being  Black).  CONCLUSIONS: 
Declines  in  physical  performance  within  a 
high-functioning  cohort  are  predictable  from 
sociodemographic  and  health  status  character- 
istics. The  patterns  of  both  decline  and  im- 
provement in  performance  observed  in  this  co- 
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TO  BE  OFFERED  BEFORE  AARC  ANNUAL  MEETING 
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On  Friday,  December  9,  an  American  Heart  Association  (AHA) 
Instructor  Course  will  be  offered  in  conjunction  with  the  AARC 
Annual  Meeting.  The  course  will  be  held  at  the  Las  Vegas 
Convention  Center  (site  of  all  AARC  Annual  Meeting  activities) 
from  7:30  AM  to  6:00  PM.  Successful  participants  will  be  eligible  to 
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Focus  Group  on  Resuscitation  in  Acute  Care  Hospitals. 
Becoming  an  instructor  will  allow  the  successful  individual  to  par- 
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•  Registrants  need  to  be  current  ACLS  providers  and  provide  a  recommenda- 
tion from  their  last  ACLS  course  director  that  they  have  potential  to  be  an 
ACLS  instructor. 

•  Cost  for  the  course  is  $1 75  per  person.  Deadline  for  registration  is  October 
14, 1994. 

•  Minimum  number  of  registrants  is  18  (otherwise  the  course  will  be 
canceled);  maximum  is  36. 
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hort  suggest  that  i)lder  age  is  not  unifoimly  as- 
sociated with  declines,  indicating  the  potential 
for  effective  interventions  to  promote  more 
successful  aging. 

Captopril  Treatment  of  Chronic  Heart 
Failure  in  the  Ver)  Old — V  De  Bock,  T  Mets, 
M    Romagnoli.    MP    Derde.    J    Gerontol 

1W4:49(3):M148. 

BACKGROUND:  The  safety  and  efficacy  of 
angiotensin-converting  enzyme  inhibitors  for 
\ery  old  patients  with  chronic  heart  failure  have 
been  less  well  documented  than  for  younger  pa- 
tients. METHODS:  A  prospective,  randomized 
double-blind,  placebo-controlled  study  of  cap- 
topril. 25  mg  twice  daily,  was  designed.  Fifty 
patients  (mean  age  84.2+5.2)  participated.  The 
degree  of  chronic  heart  failure  (according  to  the 
Boston  Study  Group  rating),  the  distance 
walked  in  6  minutes,  and  the  occurrence  of  un- 
controlled heart  failure  and  adverse  reactions 
were  used  as  main  outcome  measures.  RE- 
SULTS: Significantly  more  patients  receiving 
placebo  developed  uncontrolled  heart  failure 


than  patients  receiving  captopril  (p  =  0.022).  In 
an  intention  to  treat  analysis,  the  first  and  last 
evaluations  of  the  degree  of  chronic  heart  fail- 
ure were  compared.  A  significantly  different 
evolution  was  observed  between  the  two  treat- 
ment groups  (p  <  0.001).  with  a  significant  im- 
provement only  in  the  captopril-treated  patients 
(p  <  0.001).  The  distance  walked  in  6  minutes 
improved  significantly  only  in  the  captropril 
group  (p  =  0.004).  The  only  adverse  reaction 
was  rash  in  two  patients  receiving  captopril. 
CONCLUSION:  The  study  gives  further  evi- 
dence that  angiotensin-converting  enzyme  in- 
hibitor treatment  for  very  old  patients  with 
chronic  heart  failure  is  useful. 

Exercise-Induced  Changes  in  Oxygen 
Saturation  in  the  Calf  Muscles  of  Elderly 
Subjects  with  Peripheral  Vascular  Disease — 
KK  McCully.  C  Halber,  JD  Posner.  J  Gerontol 
1994;49(3):B128. 

This  study  noninvasively  measured  hemoglobin 
oxygen  saturation  in  young  (n  =  6,  28±6  yrs). 
old  healthy  (n  =  20.  68±7  yrs),  and  old  subjects 


with  mild  peripheral  vascular  disease  (PVD)  (n 
=  8.  72±4  yrs).  Hemoglobin  oxygen  saturation 
was  measured  as  the  difference  in  absorption  at 
760  and  850  nm  light  using  near-infrared  spec- 
troscopy (NIRS).  The  lateral  soleus  muscle  was 
studied  after  mild  plantar  llexion  exercise.  The 
time  constant  of  recovery  of  oxygen  sahiration 
(HbO:Tc)  was  21.5±8.6  s  in  young.  26.9+13.5 
s  in  old  healthy  subjects.  PVD  subjects  had 
HbO:Tc  values  of  104.4±41.1  s  in  their  "bad" 
leg  and  57.6±42.2  s  in  their  "good"  leg.  The 
correlation  between  HbOiTc  and  ankle-arm 
pressures  was  significant  (r-  =  0.63.  p  <  0.001 ). 
Six  younger  normal,  five  older  normal,  and 
seven  PVD  subjects  also  performed  a  progres- 
sive walking  test.  Normal  subjects  completed 
the  test  without  difficulty,  and  older  normal 
subjects  showed  progressive  deoxygenation. 
PVD  subjects  complained  of  calf  pain  (4  out  of 
5  were  able  to  finish)  and  showed  near-maxi- 
mal deoxygenation  throughout  the  test.  In  sum- 
mary, NIRS  measurements  show  promise  as  a 
method  of  evaluating  the  kinetics  of  oxygen 
saturation,  particularly  in  patients  with  mild  pe- 
ripheral vascular  disease. 


POSTGRADUATE  COURSE 
FOR  MEDICAL  DIRECTORS  AND  OTHER  PHYSICIANS 

For  the  second  year  in  a  row,  the  AARC  v/ill  present  a  one-day  postgraduate 
course  for  physicians  only  on  the  day  before  the  Annual  Meeting,  Friday, 
December  9.  The  program  is  approved  for  6  credit  hours  in  Category  I  of  the 
Physicians'  Recognition  Av/ard  of  the  American  Medical  Association  through 
Vanderbilt  University  Medical  Center,  Department  of  Surgery,  in  Nashville,  TN. 
The  continuing  medical  education  activity  is  divided  into  a  morning  and  an  af- 
ternoon session.  Lectures  in  the  first  segment  will  deal  with  severity  of  illness 
and  outcome  prediction;  cost-effective  management  of  critical  illness;  ethical 
dilemmas  in  the  ICU,  including  resource  allocations,  and  withholding  and 
withdrawing  life  support;  and  TB  as  an  occupational  hazard.  The  second 
segment's  lectures  will  cover  all  aspects  of  providing  respiratory  care  by  proto- 
col, including  its  impact  on  patient  care,  risk  for  the  attending  physician, 
advantages  to  physicians  and  hospitals,  and  potential  problems  and  practical 
solutions. 

This  is  the  opportunity  you  have  been  waiting  for  to  get  your  medical  directors 
to  better  understand  every  aspect  of  your  job. 

Call  the  AARC  today  at  214-243-2272  (Fax  214-484-2720)  and  request 
that  a  complete  description  of  the  course  and  registration  form  be  sent  to 
your  medical  director  or  other  interested  physician. 
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Interpreting  Decision-Analysis  Models  of  Cost-Effectiveness 


Decision  analysis  is  a  method  of  comparing  two  or  more 
approaches  to  a  medical  condition  to  estimate  which  ap- 
proach is  most  likely  to  produce  the  desired  outcome.  This 
'decision"  is  based  on  the  likelihood  that  the  outcome  will 
occur  (probability)  and  on  the  patient's  preference  for  the 
outcome  relative  to  perfect  health  (utility). 

In  this  issue  of  the  Journal.  Smith  and  Pesce'  use  the  deci- 
sion-analysis model  in  a  slightly  different  way — they  ask 
whether  pulmonary  artery  catheterization  (PAC)  is  cost-ef- 
fective in  patients  with  acute  COPD  requiring  mechanical 
ventilation.  Using  local  hospital  cost  data,  the  authors  con- 
struct a  decision  tree  to  calculate  the  expected  value  of  PAC 
versus  the  expected  value  of  not  doing  PAC  in  these  patients. 
Estimates  of  survival,  complications,  and  the  probability  of 
obtaining  useful  data  with  PAC  are  taken  from  the  literature. 

They  found  that,  assuming  PAC  confers  a  5%  survival 
advantage,  the  cost  is  $77,407/quality-adjusted  life-year 
(QALY)  saved,  and  conclude  that  for  pulmonary  artery 
catheterization  to  be  "cost-effective"  it  would  have  to  con- 
fer a  survival  advantage  greater  than  8%. 

Cost-Effectiveness  Analysis 

Cost-Effective  Compared  to  What? 

Cost-effectiveness  is  a  term  that  is  often  used  (and  mis- 
used) in  the  medical  literature-  and  its  value  in  cost  per  unit 
of  benefit  cannot  stand  alone — it  is  always  compared  to  the 
value  of  some  alternative  treatment.  When  we  consider 
whether  a  treatment  is  cost-effective,  we  should  ask  "Cost- 
effective  compared  to  what?"  It  is  not  enough  to  say,  "We 
did  not  find  the  treatment  cost-effective."  We  should  in- 
stead say,  "We  did  not  find  the  treatment  cost-effective 
compared  to  the  alternative."  The  study  by  Smith  and 
Pesce'  compares  PAC  to  standard  treatment  (no  PAC). 
PAC  is  also  implicitly  compared  to  other  medical  interven- 
tions of  which  society  seems  to  approve  and  which  have 
achieved  standard-of-care  status,  such  as  beta-blocker  treat- 
ment following  myocaidial  infarction,  three-vessel  coro- 
nary-artery bypass  grafting  for  severe  angina,  and  pharma- 
cologic treatment  of  hypertension. 


society's  viewpoint,  the  money  spent  doing  PAC  for  venti- 
lated COPD  patients  may  be  better  spent  on  school-lunch 
programs.  The  answer  may  differ  if  asked  from  the  pa- 
tient's or  the  insurance  company's  viewpoint.  Most  people 
believe  that  something  that  is  cost-effective  is  automatical- 
ly good  for  individual  patients.  But  cost-effectiveness  only 
warrants  societal  good  and  what  benefits  society  in  general 
may  not  benefit  the  individual. 

Resource  Allocation 

The  optimal  allocation  of  resources  has  ethical,  political, 
and  philosophical  implications.  Cost-effectiveness  analysis 
only  provides  an  estimate  of  the  cost  per  unit  of  utility  (eg, 
QALY).  The  reader  of  the  analysis  (policymaker  or  deci- 
sion maker)  must  decide,  based  on  available  funds,  how 
those  resources  will  be  allocated. 

The  Decision-Tree  Model 

Smith  and  Pesce'  use  a  decision  tree  to  model  the  expect- 
ed value  of  PAC.  The  decision  tree  attempts  to  model  the 
truth;  however,  a  model  is  only  as  valid  as  the  assumptions 
that  underlie  it,  which  may  be  invalidated  by  several  mech- 
anisms. 

The  Assumptions 

Expected  Value.  One  assumption,  implicit  in  decision-tree 
models,  is  the  value  of  an  outcome."*  We  assume  that  the  de- 
cision that  has  the  highest  expected  value  is  preferred. "^  This 
model  compares  the  expected  value  (cost/QALY) — a  long- 
range  outcome — of  one  hypothetical  group  of  patients  who 
undergo  PAC  to  a  second  hypothetical  group  that  does  not 
undergo  PAC.  Because  the  expected  value  is  calculated 
from  a  broad  range  of  outcomes  from  many  patients,  the 
conclusions  derived  from  such  models  may  not  hold  when 
applied  to  individual  patients — some  patients  will  not  bene- 
fit from  a  treatment  even  though  the  expected  value  is  high. 
Health  professionals  care  for  individual  patients  and  may 
not  be  concerned  about  the  expected  value. 


Whose  Point  of  View? 

Whether  an  intervention  is  cost-effective  depends  on 
whose  viewpoint  is  being  evaluated.'  For  example,  from 


The  Effect  of  Patient  Subgroups.  The  model  in  this  par- 
ticular study  does  not  consider  patient  subgroups. 
Comorbid  conditions,  varying  disease  severity,  and  age  are 
a  few  variables  that  may  affect  a  patient's  chances  of  bene- 
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filing  from  PAC.  Decision-tree  models  are  not  very  effi- 
cient for  taking  subgroups  into  account.  Because  the  num- 
ber of  branches  increases  by  a  factor  equal  to  the  number  of 
covariates,  the  tree  quickly  becomes  unwieldy.""  Heallh- 
caie  providers,  who  are  intuitive  regarding  the  likelihood  of 
their  patients"  benefiting  from  PAC.  may  provide  a  form  of 
subgroup  analysis  that  is  more  accurate  than  a  model  with 
invalid  assumptions. 

Utility  and  Risk  Neutrality.  Smith  and  Pesce'  used  0.4  as 
the  baseline  utility  for  quality  of  life  in  their  analysis.  This 
utility  value  means  that  a  patient  would  trade  1  yeai"  of  life 
in  their  present  condition  to  have  0.4  years  of  life  in  perfect 
health.""  QALY  is  the  product  of  this  utility  and  life  ex- 
pectancy. Using  QALY  implies  risk  neutrality.  Most  pa- 
tients are  not  risk-neutral  but  are  risk-averse  and  usually 
would  prefer  not  to  take  an  actuarial  fair  bet.  The  concepts 
represented  by  the  terms  risk-neutral,  risk-averse,  and  risk- 
seeking  are  complex.  Suffice  it  to  say  that  many  patients 
would  rather  not  gamble  with  their  health  and  are  more 
concerned  about  the  immediate  outcomes  than  the  long- 
term  outcomes.  Many  patients  prefer  an  option  that  offers  a 
certain,  short-term  benefit  over  one  that  offers  an  uncertain 
long-term  benefit  that  has  a  possibility  of  immediate  death. 

Effectiveness.  A  critical  underlying  assumption  of  this 
study  is  that  PAC  is  effective.  That  is,  PAC  improves  sur- 
vival. All  conclusions  about  cost-effectiveness  are  condi- 
tional upon  the  assumption  that  PAC  improves  survival.  In 
fact,  all  baseline  probability  values  were  chosen  to  coincide 
with  the  extreme  value  given  in  the  medical  literature,  fa- 
voring PAC. 

Sensitivity 

Decision  analysis  usually  relies  on  the  literature  for  esti- 
mates regarding  the  probabilities  of  various  outcomes.  The 
literature  often  varies  substantially  in  these  estimates  as 
cited  in  this  paper.'  Because  we  cannot  be  sure  which  esti- 
mates represent  the  truth,  the  decision  analyst  relies  on  sen- 
sitivity analysis  to  test  the  robustness  of  the  model's  con- 
clusions.'' If  the  cost/QALY  varies  markedly  when  we  vary 
the  probability  of  an  outcome  froni  the  baseline  value,  then 
the  conclusions  of  the  model  are  tenuous  at  best.  Sensitivity 
analysis  shows  that  the  cost-effectiveness  of  PAC  decreas- 
es considerably  when  the  estimates  of  three  major  variables 
are  decreased:  life  expectancy,  the  quality-of-life  adjust- 
ment, and  the  effectiveness  of  PAC.  If  life  expectancy  is  3 
years,  then  PAC  costs  $44,962/QALY  saved.  However,  if 
life  expectancy  is  only  1  year,  then  PAC  costs  considerably 
more— $134,88(S/QALY  saved. 

The  cost-cfi'ectivcness  of  PAC  also  depends  on  the  qual- 
ity-of-life utility  adjustnienl     a  \aliic  helween  0  (corre- 


sponding to  death)  and  1  (corresponding  to  perfect  health). 
If  the  patient  places  a  utility  value  on  a  year  of  his  or  her  life 
as  0.8  rather  than  0.4,  then  the  cost  of  PAC  is  halved  and 
the  decision  to  perform  PAC  is  said  to  be  sensitive  to  the 
quality-of-life  adjustment — the  response  of  the  cost/QALY 
relationship  is  the  evidence  of  sensitivity.  In  cases  where 
the  model  is  sensitive  to  the  patient's  utility  adjustment,  pa- 
tient preference  should  be  considered  heavily  in  the  devel- 
opment of  treatment  plans. ^** 

In  Summary 

Decision  analysis  can  be  a  useful  tool.  It  can  answer 
questions  that  are  not  likely  to  be  forthcoming  from  clinical 
trials  because  ethical  constraints  or  study  cost  and  duration 
prohibit  the  proper  conduct  of  clinical  trials.  Decision  anal- 
ysis may  also  point  out  knowledge  gaps  in  the  medical  liter- 
ature or  areas  of  weakness  that  need  further  study  using 
more  standard  epidemiologic  methods.  Decision  analysis 
and  cost-effectiveness  analysis  are  gaining  popularity  with 
medical  .scientists.  As  we  become  more  cost-conscious  and 
examine  long-range  medical  outcomes,  decision  analysis 
will  play  an  increasingly  important  role  in  the  practice  of 
individual  caregivers.  Practitioners  must  remain  aware  that 
decision-analysis  n"iethods  rely  heavily  on  assumptions  that 
may  not  always  be  explicitly  stated. 

Robert  J  Richards  MD 

Associate  Professor  of  Medicine 

Texas  Tech  University  Health  Science  Center 

Amarillo,  Texas 
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Pulmonary  Artery  Catheterization  in  Exacerbations 

of  COPD  Requiring  Mechanical  Ventilation: 

A  Cost-Effectiveness  Analysis 

Kenneth  J  Smith  MD  and  Richard  R  Pesce  MD 


BACKGROUND:  The  cost-effectiveness  of  pulmonary  artery  catheterization  (PACi  has  been 
questioned  in  many  clinical  situations.  We  sought  to  assess  the  cost-effectiveness  of  PAC  in  pa- 
tients with  an  acute  exacerbation  of  chronic  obstructive  pulmonary  disease  (CX)PDl  requiring 
mechanical  ventilation.  METHODS:  We  constructed  a  decision  analysis  model  and  calculated 
the  incremental  cost/quality-adjusted  life-year  (QALY)  saved  for  hypothetical  patients,  com- 
paring a  PAC  strategy  to  one  of  no  PAC.  Sensitivity  analyses  were  performed  to  test  the  sta- 
bility of  conclusions  over  wide  ranges  of  values.  RESULTS:  The  incremental  cost/QALY 
saved  in  the  cost -effectiveness  analysis  using  baseline  data  is  $77,407  when  catheterization- 
driven  therapeutic  changes  result  in  a  5%  improvement  in  survival.  Cost-effectiveness  is  sen- 
sitive to  variations  in  post-hospital  life  expectancy,  quality  of  life,  and  the  probability  of  favor- 
able therapeutic  changes  resulting  from  the  use  of  catheterization  data.  CONCLUSIONS: 
Pulmonary  artery  catheterization  in  COPD  exacerbation  requiring  mechanical  ventilation  is 
expensive  compared  to  accepted  medical  interventions  for  other  conditions,  unless  changes  in 
therapy  prompted  by  catheterization  increase  hospital  survival  to  a  level  8.7%  above  baseline. 
Randomized,  controlled  trials  are  needed  to  investigate  the  economic  impact  of  PAC  and  its 
effect  on  morbidity  and  mortality  of  critically  ill  patients.  [RespirCare  1994:39(  IO):961-967.] 


Background 

Pulmonary  artery  catheterization  (PAC)  via  balloon-tipped 
catheter  is  a  controversial  intervention  in  patients  with  an  acute 
exacerbation  of  chronic  obstructive  pulmonary  disease 
(COPD)  requiring  mechanical  ventilation.'  '  Placement  of  a 
pulmonary  artery  catheter  is  believed  to  occasionally  aid  the 
assessment  of  volume  status  and  oxygen  transport  in  these  pa- 
tients.'- However,  it  is  not  known  how  often  clinically  useful 
information  is  obtained  or  how  mortality  is  affected  by  PAC  in 
this  setting.  Reported  hospital  mortality  in  these  patients  varies 
from  13-80%."'*"  Post-hospital  quality  of  life  is  often  poor, 
with  short  life  expectancy,  frequent  illnesses  requiring  rehos- 
pitalization,  and  high  supportive  care  needs. '- 


Or  Smith  is  Associate  Program  Director  and  Or  Pesce  is  Chief,  Division 
of  Pulmonary  Diseases,  Department  of  Medicine.  Mercy  Hospital  of 
Pittsburgh,  Pittsburgh.  Pennsylvania. 


PAC  is  a  frequently  used  diagnostic  procedure  and 
changes  in  therapy  prompted  by  catheterization  data  occur  in 
35-58%  of  catheterizations  in  patients  with  a  variety  of  un- 
derlying disease  processes."  '^  However,  improved  survival 
attributable  to  the  use  of  pulmonary  artery  catheters  has  not 
yet  been  clearly  shown.  Insertion  and  maintenance  of  pul- 
monary artery  catheters  are  costly  and  labor-intensive,  and 
associated  with  a  small  but  significant  likelihood  of  major 
complications  and  death.'-'' '"'  Additionally,  both  the  patholo- 
gy of  COPD-"-'  and  the  presence  of  mechanical  ventila- 
tion---^ confound  the  measurement  of  pulmonary  capillary 
wedge  pressure. 

The  cost-effectiveness  of  PAC  has  been  questioned  in 
many  clinical  situations."-"*  To  determine  under  what  cir- 
cumstances this  procedure  might  be  cost-effective  in  an  acute 
exacerbation  of  COPD  requiring  mechanical  ventilation,  we 
developed  a  decision  model  to  estimate  its  cost-effectiveness 
in  this  clinical  setting  when  possible  indications  exist. 


None  of  the  authors  has  a  financial  interest  in  any  of  the  products  men- 
tioned in  the  text. 

Presented  in  part  at  the  Society  for  Medical  Decision  Making  Annual 
Meeting  held  in  Boston,  Massachusetts.  November  1990. 

Reprints:  Kenneth  J  Smith  MD.  Mercy  Hospital  of  Pittsburgh,  lOth  Floor 
Ermire  Building,  1400  Locust  St,  Pittsburgh  PA  1,'^219. 


Methods 


Model  Development 


A  decision-tree  model  (Fig.  1)  was  constnicted,  using 
Decision  Maker  7.0  (New  England  Medical  Center,  Boston 
MA),  to  calculate  the  incremental  cost-effectiveness  of 
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PA  Calh  Data 


PA  Calh  Data 


Utilities 


S10804     I    0  696  V 


S1 1886     I    0  696  V 


$11886     n    0  696  V 


II    ooyr 


$10000         0  696  yr 


Tabic  1.      Probabilities  Used  in  the  Baseline  Analysis 


Priibahiiities 


Baseline  Range       References 


Catheler  complications 
Severe 
Fatal 

Catheterization  data  leading 
to  changes  in  therapy 

Increase  in  survival  due  to 
changes  in  therapy 

Hospital  survival 


4.4%  4.4-53%  15-19 

0.125%  0-2%  15-19 


5%  1-10%         Assumed 

49%  49-87%  5-11 


Post-hospital  sui-vival  rates  were  converted  to  life  expectan- 
cies using  the  dechning  exponential  approximation  of  life  ex- 
pectancy.-^ Data  from  the  literature  were  used  to  estimate  the 
probability  that  PAC  data  would  lead  to  changes  in  therapy 
and  to  estimate  the  probabilities  of  severe  and  fatal  complica- 
tions associated  with  PAC. 

Sensitivity  analyses  were  performed  to  test  the  stability  of 
conclusions  over  wide  ranges  of  values  for  all  probabilities, 
costs,  life  expectancies,  and  quality-of-life  utility  values. 


Fig.  1.  The  decision  tree  with  baseline  values  for  probabilities,  costs, 
and  quality-adjusted  life  expectancy  (QALE).  Probabilities  are  in  paren- 
theses beneath  the  tree  branches.  The  square  node  denotes  the  deci- 
sion to  perform  pulmonary  artery  catheterization  (PA  Cath)  or  not  (No 
cath).  The  circular  chance  nodes  denote  the  possible  outcomes  from 
the  decision.  Assumptions:  (1)  If  the  No  cath  strategy  is  chosen,  pa- 
tients live  or  die  based  on  the  probability  of  hospital  survival.  (2)  If  PA 
Cath  is  chosen  and  no  fatal  complications  occur,  data  from  catheteriza- 
tion are  obtained  in  40%  of  catheterizations  and  increase  hospital  sur- 
vival 5%  (from  49%  to  54%).  (3)  In  the  analysis  using  baseline  data,  pa- 
tients with  major  complications  will  spend  2  extra  days  in  the  ICU  at 
$541/day  and  those  who  survive  the  hospitalization  will  incur  $10,000 
more  in  medical  costs  in  their  remaining  lifetimes,  QALE  is  calculated 
for  patients  who  survive  hospitalization  by  multiplying  the  life  expectan- 
cy of  these  patients  (1 .74  years)  by  their  quality-of-life  utility  value  (0,4). 


PAC  compared  to  standard  medical  practice  with  no  PAC. 
Identical  hypothetical  patients  with  an  acute  exacerbation 
of  COPD  requiring  mechanical  ventilation  and  possible  in- 
dications for  catheterization  were  examined  in  the  model. 
Summaries  of  the  probabilities  and  utilities  used  are  shown 
in  Tables  1  and  2.  Direct  and  indirect  costs  of  PAC  (not  in- 
cluding overhead)  were  obtained  from  our  hospital's  cost 
accounting  data  (Table  3).  Prevailing  Medicare  reimburse- 
ment for  physician  insertion  of  pulmonary  artery  catheters 
was  used  for  physician  cost.  All  costs  are  in  1992  dollars. 
Hospital  and  post-hospital  survival  rates  were  obtained 
from  relevant  studies  published  since  1971,  where  hospital 
and  post-hospital  survival  rates  were  available  or  able  to  be 
calcuhitcd  for  patients  requiring  mechanical  ventilation. 


Table  2.      Utilities  Used  in  the  Baseline  Analysis 


Utilities 

Baseline 

Range 

References 

Post-hospital  life  expectancy 

1.74  y 

1.03-2.73  y 

5-11 

Catheterization  costs 
Insertion 

Daily  maintenance/testing 
Days  of  catheterization 

$666.85 

$68.58 

3 

1-5 

Table  3 
Table  3 
Assumed 

Major  complication  costs 
ICU  costs  (daily) 
Additional  ICU  days  due 
to  major  complication 

$541.00 
2 

1-3 

Table  3 
Assumed 

Cost  savings  due  to 
catheterization  data 

$0 

$0-2,500 

Assumed 

Lifetime  cost  of  care  for 
survivors 

$10,(X» 

$0-20,000 

Assumed 

Quality-of-life  utility  value 

0.4 

0.2-0.8 

27 

Baseline  Values  uf  Probabilities  and  Utilities 

Complications.  Several  papers  quantitate  the  incidence 
of  complications  associated  with  PAC,  but  none  specifi- 
cally examine  complications  in  patients  with  COPD.  In 
studies  based  on  patients  who  undergo  PAC  in  the  coro- 
nary care  or  intensive  care  unit  setting,  the  incidence  of 
major  complications  is  4.4%-53%'  and  of  fatal  complica- 
tions from  0.123-4%.''^ '''  We  chose  the  lowest  of  these 
values  for  our  baseline. 

Mortality.  Reported  hospital  sur\i\al  in  acute  exacerba- 
tions of  COP!^  iec|uiring  mechanical   \entilation  \aries 
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Table  3.      Direct  and  Indirect  Costs  of  Pulmonary  Artery  Catheterization 
(Not  Including  Overhead)* 


First  Day  of  Catheterization   Each  Additional  Day 


Materials 

$  159.38 

$13.51 

Radiology 

19.42 

0 

Phannacy 

6.69 

3.71 

Laboratory 

51.36 

51.36 

Physician  insertion  cost 

430.00 

0 

Total  Costs 

$  666.85 

$  68.58 

Complication  costs  (cost  of 
an  additional  ICU  day ) 

counling  data. 

$541.00 

*Mercy  Hospital  of  Pittsburgh  cost-ac 

from  49-87%  (Table  4).  Mast  investigators  conclude  that 
ventilator  management  strategies  do  not  alter  mortality,  but 
that  hospital  mortality  is  directly  related  to  the  severity  of 
the  underlying  pulmonary  disease,  severity  of  the  acute  pre- 
cipitating illness,  severity  of  the  acute  respiratory  failure, 
and  development  of  complications  during  the  episode.'*'^ 
Because  patients  with  indications  for  PAC  would  likely 
have  a  poorer  prognosis,  the  lowest  hospital  survival  rate  of 
49%  was  chosen  as  the  baseline  value  for  mortality. 

Life  Expectancy.  The  major  factor  influencing  survival 
after  hospitalization  for  respiratory  failure  also  appears  to 
be  the  severity  of  underlying  pulmonary  dysfunction.-* 
Patients  who  require  intubation  and  mechanical  ventila- 
tion for  an  exacerbation  of  COPD  probably  have  more  se- 
vere underlying  disease.  Reported  long-term  survival,  in- 
cluding hospital  survival,  in  such  patients  varies  from 
39.5%  at  6  months  to  33.3%  at  2  years  (Table  4).  As  nec- 
essary, we  derived  the  probability  (Pr)  of  post-hospital 
survival  for  those  patients  discharged  alive  from  the  hos- 


pital by  dividing  the  total  probability  of  survival  by  the 
probability  of  hospital  survival.  If 

Pr  [hospital  survival]  X  Pr  [post-hospital  survivall 

=  Pr  [total  survival], 

Pr  [total  survival]  /  [Pr  (hospital  survival] 

=  Pr  [post-hospital  survival]. 

We  chose  a  life  expectancy  of  1.74  years,  the  median  value 
from  these  studies,  for  our  baseline  value.'  " 

Quality  of  Life.  In  the  analysis  we  used  a  health-state  utility 
to  model  quality  of  life,  with  0  indicating  death  and  1  signify- 
ing perfect  health.  We  used  a  baseline  value  of  0.4  for  these 
patients,  indicating  lifelong  illness,  high  supportive  care 
needs,  and  poor  functional  status.-^  Multiplying  the  quality- 
of-life  utility  value  (0.4)  by  the  life  expectancy  (1.74  years) 
yields  the  baseline  value  for  quality-adjusted  life  expectancy 
(QALE),  which  is  0.696  quality-adjusted  life-years  (QALY). 

Cost  of  Care.  Cost  data  were  comprised  of  hospital  and 
physician  costs  for  insertion  and  daily  maintenance  of  the 
pulmonary-artery  catheter  and  charges  for  testing  done  utiliz- 
ing the  catheter.  The  total  direct  and  indirect  cost  of  insertion 
and  first  day  of  catheterization  was  $666.85,  and  the  cost  of 
each  additional  day  of  catheterization  was  $68.58.  When 
extra  ICU  time  occurred  due  to  catheter  complications,  the 
ICU  "room  cost"  was  $541 /day. 

Assumptions 

It  is  not  known  how  often  clinically  meaningful  PAC  data 
are  obtained  in  patients  with  COPD,  and,  therefore,  the  impact 
of  these  data  on  survival  cannot  be  known.  We  assumed  that 
PAC  data  resulting  in  changes  in  therapy  were  obtained  in  the 
lower  range  of  the  frequency  reported  for  this  procedure  in  all 
patients,  and  empirically  chose  40%  for  our  model  baseline. 


Hospital  Survival,  Survival  following  Discharge,  and  Life  Expectancy  for  Patients  with  Acute  Exacerbation  of  Chronic 
Obstructive  Pulmonary  Disease  Requiring  Mechanical  Ventilation 


First  Author,  Year 

Total  Survival 

Hospital  Survival 

(%) 

Survival  of  Patients 

Discharged 

Alive 

Life  Expectancy  of 

Patients  Discharged  Alive 

(years) 

Sluiter,5 1972 

33.3%  at  2  years 

54.3 

65.0%  at  I  year 

2.32 

Gottlieb,''  1973 

33.3%  at  2  years 

70.0 

47.6%  at  2  years 

2.70 

Moser,'  1973 

39.5%  at  0.5  years 

62.8 

63.0%  at  0.5  years 

1.08 

Petty.s  1982 

33.1%  at  1  year 

87.0 

38.0%  at  1  year 

1.03 

Gillespie,'  1986 

42.9%  at  I  year 

76.2 

56.3%  at  1  year 

1.74* 

Menzies.i"  1989 

34.0%  at  1  year 

78.0 

43.6%  at  1  year 

1.20 

Shachor,"  1989 

24.5%  at  23.5  months 

49.0 

50.0%  at  23,5  months 

2.83 

•Median  Value, 
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Table  5. 

Results  of  the  Analysis  Using  Baseline  Data:  Incremen 
Pulmonary  Artery  Catheterization  (PAC)  Compared  to 

ilal  Cost  Per  Quality-Adjusted  Life- Year  (QALY)  S; 
No  Catheterization  (No  PAC) 

ived  for 

Strategy 

Cost  ($) 

Incremental 
Cost  ($) 

Effectiveness 
(QALY) 

Incremental 

Effectiveness 

(QALY) 

Incremental  Cost- 
Effectiveness  Ratio 
(Cost/QALY) 

No  PAC 
PAC 

4.900 
5,945 

1,045 

0.3410 
0.3545 

0.0135 

$77,521 

Estimation  of  the  effect  on  sui-\'ival  is  even  more  problemat- 
ic. For  the  purposes  of  our  analysis,  we  assumed  that  PAC  liata 
that  led  to  changes  in  therapy  increased  in-hospital  survival  to 
5%  above  baseline — ie,  from  49'J?-  to  54%.  All  catheterization 
data  obtained  that  resulted  in  changes  in  therapy  were  assumed 
to  improve  sur\'ival. 

Also  unknown  is  how  fi"equently  possible  indications  for 
catheterization  (eg.  hypotension,  fluid  overload,  difficulties 
with  oxygenation)  occur  in  these  patients.  We  assumed  that  all 
patients  considered  in  this  analysis  had  possible  indications  for 
catheterization,  indicating  the  presence  of  more  severe  under- 
lying illness  in  this  setting. 

Respiratory  failure  was  assumed  to  be  the  result  of  progres- 
sion or  exacerbation  of  COPD.  All  patients  who  had  a  pul- 
monary catheter  placed  had  a  single  catheter  inserted  and  were 
catheterized  for  3  days.  Patients  who  had  a  major  but  non-fatal 
complication  of  catheterization  were  assumed  to  require  an  ad- 
ditional 2  days  ICU  stay.  A  major  complication  did  not  affect 
in-hospital  survival  or  diminish  the  improvement  in  survival 
resulting  from  PAC  data.  Patients  having  a  fatal  complication 
died  on  the  first  day  of  catheterization.  Patients  with  minor 
complications  of  PAC  were  assumed  to  have  been  the  same  as 
patients  with  no  complications  regarding  costs  and  outcomes. 
Post-hospital  quality  of  life  was  considered  the  same  for 
catheterized  and  non-catheterized  patients. 

One  published  article  suggests  that  hospitalization  costs  of 
critically  ill  surgical  patients  requiring  PAC  are  substantially 
higher  in  patients  that  survive  to  leave  the  hospital  compared 
to  those  who  do  not.-"  For  COPD  patients  we  estimated  this 
additional  "cost  of  living"  to  be  $10,000  for  the  total  of  inpa- 
tient and  outpatient  care  for  the  patient's  remaining  lifetime. 
The  same  study  suggests  that  "optimized  treatment"  of  pa- 
tients using  catheterization  data  may  reduce  the  cost  of  hospi- 
talization. In  the  analysis  using  baseline  data,  we  assumed  no 
cost  reduction  in  COPD  patients,  but  examined  that  possibil- 
ity in  the  sensitivity  analysis. 

Results 

The  results  of  the  cost-effectiveness  analysis  using  base- 
line data  are  shown  in  Table  5.  If  changes  in  therapy  precipi- 
tated by  catheterization  increase  hospital  survival  5%  (from 
49%  to  54%)  in  mechanically  ventilated  patients  with  an 


acute  exacerbation  of  COPD.  it  is  a  costly  medical  interven- 
tion. The  PAC  strategy  costs  $  1 ,045  more  than  the  no-PAC 
strategy  and  gains  0.0135  QALYs  (or  4.93  quality-adjusted 
life-days),  for  an  incremental  cost-effectiveness  ratio  of 
$77,407/QALY  saved. 

Sensitivity  Analysis 

Variation  in  life  expectancy  after  hospital  discharge  (Fig. 
2 A)  from  1  year  to  3  years  changes  the  cost/QALY  saved  to 
$134,886  and  $44,962,  respectively.  The  cost/QALY  saved 
reaches  $50,000  at  2.7  years  life  expectancy. 

Cost/QALY  saved  is  relatively  insensitive  to  variation  in 
hospital  survival  (Fig.  2B),  showing  only  minor  increases 
with  increasing  survival.  It  varies  from  $75,970  at  10% 
hospital  survival  to  $79,238  at  90%  survival.  Varying  the 
effect  of  PAC  data  on  hospital  survival  is  demonstrated  in 
Figure  2C.  If  PAC  data  are  assumed  to  increase  the  proba- 
bility of  a  hospital  survival  by  1%  (or  from  49%  to  50%), 
the  cost/QALY  saved  is  $375,875.  The  cost/QALY  saved 
approaches  $50,000  when  hospital  survival  improves  by 
8.7%. 

Table  6  demonstrates  the  effects  of  varying  other  baseline 
values  within  the  model.  Results  are  only  slightly  sensitive  to 
decreasing  the  major  complication  rate  of  PAC  to  0%,  but 
are  sensitive  to  increasing  complication  rates.  Costs  do  not 
change  significantly  if  the  fatal  complication  rate  of  PAC  is 
reduced  to  0%,  but  do  show  a  marked  change  as  this  rate 
ri.ses  above  1%. 

Cost/life-year  saved  is  moderately  sensitive  to  the  number 
of  days  of  catheterization.  If  patients  were  catheterized  for  2 
fewer  or  2  more  than  the  assumed  3  days,  costs  are  respec- 
tively reduced  or  increased  by  about  $10,0{X). 

Quality-of-life  adjustments  have  substantial  consequences 
on  cost-effectiveness.  If  the  baseline  health-state  utility  value 
of  0.4  is  decreased  to  0.2,  the  cost/QALY  .saved  more  than 
doubles.  Increasing  the  utility  to  0.8,  indicating  relatively 
high  functional  status,  approximately  halves  that  cost. 

If  patients  who  survive  to  hospital  dischiuge  incur  the  same 
costs  as  those  who  die  in  the  hospital,  rather  than  the  assumed 
$I(),(KK)  more,  the  cost/QALY  .saved  is  about  $14,000  less 
than  that  using  baseline  data.  If  costs  are  saved  by  PAC  data, 
the  cost/QALY  saved  is  substantially  decreased. 
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Summary  of  the  Pulmonary  Artery  Catheterization  (PAC) 
Decision-Model  Sensitivity  Analysis 


Life  Expectancy  (years) 


Baseline  - 
(49%) 


10%      20%       30%       40%       50%      60%       70%      80%      90% 
Hospital  Survival  —  COPD  and  Mechanical  Ventilation 


Increased  Survival  due  to  PA  Cath  data 

Fig.  2.  One-way  sensitivity  analyses  for  (A)  variations  in  post-hospi- 
tal life  expectancy,  (B)  hospital  survival,  and  (C)  improvement  in 
hospital  survival  resulting  from  PAC  data  in  mechanically  ventilated 
patients  with  an  exacerbation  of  COPD.  Dashed  vertical  lines  corre- 
spond to  the  baseline  values.  Cost-effectiveness  is  minimally  sensi- 
tive to  variation  in  the  probability  of  hospital  survival  in  these  pa- 
tients (B).  Cost/qualify-adjusted  life-year  (QALY)  saved  is  very  sen- 
sitive to  variations  in  life  expectancy  and  catheterization-related 
improvement  in  survival  (A  and  C,  respectively). 


Variable 


Frequency  of  PAC 
data  resulting  in 
change  in  therapy 

Major  complication 
of  PAC 

Consequence  of  major 
complication  (extra 
ICU  days) 

Fatal  complication 
of  PAC 

Days  of  catheterization 


Quality  of  life 

Cost  increase  incurred  by 
surviving  hospitalization 

Costs  saved  by  PAC 


Incremental 

Cost/QALY 

Baseline 

Change 

Saved 

Value 

Value 

($) 

40% 

30% 
60% 

99,469 
56.030 

4.4% 

0% 

73.988 

50% 

114.132 

1 

75.754 

3 

79.287 

0.125% 

0% 

2% 

75,520 
138,765 

3 

1 

67,356 

5 

87.686 

0.4 

0.2 

155,041 

0.8 

38,760 

$  10.000 

0 
$20,000 

63,153 
91,888 

0 

$  1.000 

61.513 

S  2.500 

37,500 

Discussion 

Since  its  introduction  in  1971,  the  Swan-Ganz  pul- 
monary artery  catheter  has  been  widely  applied  in  many 
clinical  settings.  As  its  use  has  increased,  questions  about 
the  appropriateness  of  its  use,  overuse,  and  possible  abuse 
have  been  raised. ''■'•'  The  absence  of  controlled  trials 
demonstrating  improvement  in  outcome  and  the  cost  and 
potential  hazards  associated  with  PAC  have  been  cited. 
According  to  these  commentators,  PAC  has  become  a  "rou- 
tine" procedure,  with  little  thought  given  to  how  the  data 
obtained  will  benefit  the  patient.  Pulmonary  artery  catheter- 
ization is  performed  by  physicians  with  wide  ranges  of  skill 
and  experience  in  its  use.  who  often  do  not  interpret  the  ob- 
tained data  correctly.-''  With  this  in  mind,  we  undertook  to 
determine  under  what  circumstances  PAC  might  be  cost-ef- 
fective in  one  subgroup  of  patients. 

In  our  analysis,  PAC  in  COPD  exacerbation  requiring 
mechanical  ventilation  is.  under  most  conditions,  not  cost- 
effective  compared  to  other  commonly  performed  and  ac- 
cepted interventions:  screening  blood  donors  for  HIV 
($12,700)."'  beta-blocker  treatment  following  myocardial 
infarction  (MI,  $2,900-$28,400),-"  three-vessel  coronary- 
artery  bypass  grafting  in  severe  angina  ($22,000- 
$36,000).'-  antihypertensive  treatment  ($12,000- 
$50,000),"  and  lovastatin  therapy  for  men  at  high  risk  for 
MI  ($7,000-$62,000).'-'  (All  costs  have  been  inflated  to 
1992  dollars  using  the  consumer  price  index.) 
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This  lack  of  cost-effectiveness  was  found  despite  the  use 
of  probabilities  and  assumptions  that  favored  the  PAC  strat- 
egy. We  used  the  lowest  rates  available  from  the  literature 
for  major  and  fatal  complications  due  to  PAC  and  the  low- 
est hospital  survival  rate,  all  of  which  slightly  favor  the 
PAC  strategy.  More  important,  we  assumed  that  407f  of 
catheterizations  yielded  data  resulting  in  changes  in  thera- 
py, that  all  catheterization  data  resulting  in  changes  in  ther- 
apy improved  survival,  and  that  these  changes  in  therapy 
increased  hospital  survival  5%  above  baseline  (from  49% 
to  54%  ).  This  set  of  assumptions  represents,  with  the  pre- 
sent level  of  knowledge,  a  best-case  scenario  for  PAC  in 
this  patient  group.  Despite  this,  it  is  not  until  hospital  sur- 
vival due  to  PAC  data  is  increased  more  than  8%  above 
baseline  that  this  procedure  approaches  the  level  of  cost-ef- 
fectiveness seen  in  accepted  medical  interventions  for  other 
conditions. -"'"^•* 

In  our  model,  incremental  cost-effectiveness  of  PAC  is 
relatively  insensitive  to  variations  in  hospital  survival  and 
to  clinically  plausible  changes  in  major  or  fatal  complica- 
tion rates.  More  significant  variation  in  cost-effectiveness  is 
seen  when  the  probability  of  favorable  therapeutic  changes 
resulting  from  catheterization  data  is  increased.  This  vari- 
able, in  many  ways,  is  the  crux  of  much  of  the  controversy 
surrounding  PAC.  Although  data  regarding  the  frequency 
of  PAC-driven  changes  in  therapy  exist,  the  effectiveness 
of  those  changes  in  modifying  outcomes  is  unclear. 
Shoemaker  et  aF*  have  advocated  maintaining  supraphysi- 
ologic  levels  of  PAC  variables  in  critically  ill  surgical  pa- 
tients, and  have  demonstrated  improved  survival  when 
those  variables  were  used  to  guide  therapy.  Similar  data  in 
COPD  patients,  and  in  most  other  medical  conditions,  do 
not  exist,  pointing  out  the  need  for  further  study  of  the  ef- 
fect of  PAC  in  these  and  other  patient  groups. '"'  A  limitation 
of  our  study  is  this  lack  of  data  from  controlled  studies. 

Shoemaker  et  al-*  have  also  demonstrated  decreased  hos- 
pital charges  in  patients  when  PAC  variables  were  optimal- 
ly maintained,  compared  to  patients  with  pulmonary 
catheters  under  "routine  care"  and  to  those  who  were  not 
catheterized.  In  our  sensitivity  analysis,  we  modeled  for 
cost  savings  resulting  from  catheterization  and  found  cost- 
effectiveness  to  be  very  sensitive  to  this  possibility.  Studies 
of  effectiveness  of  PAC  must  also  include  cost  data  to  de- 
fine its  economic  advantage. 

Some  aspects  of  our  analysis  may  be  generalizable  to 
other  clinical  situations.  Two  major  determinants  of  cost- 
effectiveness  in  our  decision  model  are  life  expectancy  and 
quality  of  life.  Patients  requiring  mechanical  ventilation  for 
an  acute  exacerbation  of  COPD  generally  have  a  poor  prog- 
nosis. They  can  be  expected  to  live  somewhat  less  than  2 
years  if  they  survive  the  acute  exacerbation.  The  severity  of 
their  underlying  lung  disease  is  such  that  they  have  signifi- 
cant abnormalities  on  pulmonary  function  testing  and 


marked  compromise  of  their  functional  status  prior  to  hos- 
pitalization. Menzies  et  al'"  describe  57%  of  their  patients 
requiring  ventilation  as  being  either  house-,  bed-,  or  chair- 
bound  and  another  23%  as  restricted  due  to  severe  limita- 
tions of  exercise  ability  prior  to  hospitalization.  In  their 
study  and  in  others,""'"  both  pre-morbid  functional  status 
and  FEVi  were  significant  predictors  of  ability  to  wean 
from  the  ventilator  and  of  post-hospital  survival.  Because 
cost-effectiveness  of  the  procedure  depends  heavily  on  the 
patient's  prognosis,  those  factors  that  predict  ultimate  out- 
come should  be  considered  when  deciding  whether 
catheterization  should  be  performed.  However,  physicians 
are  poor  estimators  of  outcome  in  this  clinical  situation, 
which  points  out  the  need  for  directed  training  and  experi- 
ence with  predictions  of  this  type.'- 

Conclusions 

In  this  analysis,  we  estimated  the  cost-effectiveness  of 
PAC  when  possible  indications  are  present  in  patients  with 
acute  exacerbations  of  COPD  requiring  mechanical  ventila- 
tion. Due  to  lack  of  survival  data,  a  definitive  conclusion 
about  the  cost-effectiveness  of  PAC  cannot  be  made. 
However,  the  available  data  suggest  that  PAC  in  this  pa- 
tient group  is  not  cost-effective  even  when  optimistic  as- 
sumptions about  the  effect  of  PAC  data  on  outcome  are 
made.  Conclusions  derived  from  the  use  of  decision  models 
are,  by  their  nature,  only  as  reliable  as  the  data  upon  which 
they  are  based.  But,  by  making  all  probabilities,  utilities, 
and  assumptions  explicit  and  providing  a  structure  to  logi- 
cally organize  and  manipulate  data,  decision  analysis  tech- 
niques show  where  more  or  better  data  are  needed  to  draw  a 
definitive  conclusion.  The  controversy  surrounding  PAC 
would  be  further  clarified  by  more  specific  clinical  infor- 
mation on  the  use  of  PAC  data  in  therapeutic  decisions  and 
the  effect  of  these  decisions  on  costs  and  patient  outcome. 
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Interruption  of  Oxygen  Tlierapy  during  Intrahospital  Transport 

of  Non-ICU  Patients:  Elimination  of  a  Common  Problem 

through  Caregiver  Education 

Celeste  Rosin  Stubbs  RRT,  Karen  J  Crogan  RRT,  and  David  J  Pierson  MD 

BACKGROUND:  Hospital  inpatients  frequently  leave  their  rooms  for  dia);nostic  procedures 
and  lor  other  reasons.  For  some,  interruption  ol'oxjgen  therapy  during  transport  could  lead  to 
serious  complications.  In  our  institution,  non-IC'U  patient  transport  is  dune  mainly  by  nonclin- 
ical personnel  from  an  independent  transport  service.  MATERIALS  &  METHODS:  We  re- 
viewed respiratory  care  department  and  transport  service  records  for  5  arbitrarily  selected 
days  to  determine  the  number  of  non-ICU  patients  receiving  O2  therapy,  the  number  of  times 
these  patients  were  transported,  and  the  number  of  occasions  on  which  Oi  was  used  during  the 
transport.  We  then  interviewed  the  primary  nurse  for  each  patient  transported  without  O2  and 
reviewed  the  charts  of  those  patients  to  determine  whether  this  practice  was  consistent  with  the 
therapy  as  it  had  been  ordered.  After  our  initial  investigation  showed  a  high  rate  of  transport 
without  prescribed  Oi,  we  sent  memoranda  to  all  nursing  units  describing  proper  procedures 
for  transport  of  patients  for  whom  O2  had  been  ordered.  We  then  repeated  the  audit.  Because 
the  second  audit  showed  the  need,  we  conducted  education  sessions  with  all  nursing  personnel 
on  the  affected  units  and  posted  guidelines  for  Oi  use  during  transport.  A  third  audit  was  then 
conducted.  In  addition,  we  performed  a  telephone  survey  of  respiratory  care  department  man- 
agers to  learn  the  patient-transport  practices  in  all  hospitals  in  our  state  with  more  than  200 
beds,  using  a  structured  questionnaire.  RESULTS:  During  the  initial  125  patient-days  of  O2 
therapy,  O2  accompanied  patients  on  only  30  of  55  transports  (55%).  After  distribution  of 
memoranda.  O2  use  increased  to  28  of  35  transports  (80% )  during  82  patient-days.  The  second 
educational  effort  resulted  in  O2  use  with  all  35  transports  (100%)  performed  during  99  pa- 
tient-days. Survey  results  from  24  hospitals  with  225-680  beds  showed  that  1 1  (46% )  had  sepa- 
rate transport  services  and  that  decisions  on  Oi  use  during  patient  transport  were  generally 
made  by  nursing  staff.  Although  respiratory  care  departments  supplied  the  O2  equipment, 
their  personnel  were  involved  in  non-ICU  transports  in  only  5/24  hospitals.  CONCLUSIONS: 
Patients  receiving  O2  therapy  on  acute-care  wards  are  often  transported  to  other  areas  of  the 
hospital  without  Oi.  This  potentially  dangerous  practice  can  be  corrected  by  respiratory  care 
practitioners  through  educational  efforts  targeted  toward  those  responsible  for  administering 
O2  therapy  in  non-ICU  hospital  areas.  |Rcspir  Care  19')4;.W(  1()):%8-472.1 


Background 

Administiulion  of  oxygen,  a  potent  drug,  requires  a 
physician's  prescription.'-  The  most  frequent  indication 
for  oxygen  administration  in  the  acute-care  hospital  setting 
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is  hypoxemia."'  Unintended  interruption  of  oxygen  thera- 
py may  place  an  acutely  ill  patient  at  risk  for  airhylhmias 
and  other  adverse  effects  of  abruptly  worsened  hypox- 
emia.--^ 

One  common  setting  in  which  such  interruption  of  oxy- 
gen administration  can  occur  is  patient  transport.**  '" 
Although  .several  studies  have  investigated  the  safety  and 
complications  of  intrahospital  transport  of  critically  ill  pa- 
tients in  the  intensive  care  unit  (ICU),"  '■*  we  are  unaware 
of  any  previous  studies  of  the  frequency  of  inteiiuption  of 
oxygen  therapy  during  intrahospital  transport  of  non-ICl' 
patients. 

Patients  on  acute-care  wards  are  transported  to  other  lo- 
cations in  the  hospital  for  imaging  and  other  diagnostic 
studies,  coiisullatioiis,  physical  tiicrapy.  and  other  procc- 
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dures.  which  can  lake  them  away  from  their  beds  for  as 
long  as  several  hours.  In  our  hospital,  a  separate  trans- 
portation service  carries  out  most  of  these  transports.  Once 
notified  by  the  nursing  unit,  the  transporter  escorts  the  pa- 
tient via  wheelchair  or  stretcher.  Portable  oxygen  cylinders 
are  available  both  on  the  wards  and  in  the  transportation 
office  to  u.se  during  transit  as  needed.  These  oxygen  cylin- 
ders are  supplied  by  the  Respiratory  Care  Department, 
which  is  not  otherwise  involved  in  the  transportation  of 
non-ICU  patients. 

We  performed  this  study  to  determine  the  frequency 
with  which  acute-care-ward  patients  for  whom  oxygen  had 
been  prescribed  actually  received  this  therapy  during 
transport.  We  found  that  oxygen  therapy  was  frequently 
interrupted  when  patients  left  their  rooms  and.  therefore, 
we  initiated  a  series  of  measures  supervised  by  the 
Respiratory  Care  Department  to  correct  the  problem.  From 
a  telephone  survey,  we  also  determined  that  patient  trans- 
port by  non-respiratory  care  personnel  is  common  in  other 
hospitals,  suggesting  that  this  problem  and  the  need  for  ap- 
propriate education  and  supervision  of  oxygen  therapy 
exist  in  other  institutions  as  well. 

Materials  and  Methods 

Harborview  Medical  Center  is  a  university-operated  mu- 
nicipal hospital  and  a  Level- 1  trauma  center.  Included  in  its 
326  beds  are  6  ICUs  with  38  beds.  193  acute-care  beds,  and 
a  26-bed  rehabilitation  unit.  Non-ICU  patients  receiving 
oxygen  therapy  are  located  mainly  in  the  acute-  and  reha- 
bilitation-care units. 

Patients  in  the  ICUs  are  transported  by  a  team  consisting 
of  their  own  nurses  and  respiratory  care  practitioners.  On 
the  other  units,  the  Respiratory  Care  Depailment  provides 
poilable  oxygen  cylinders,  nasal  cannulas,  and  other  equip- 
ment but  does  not  otherwise  pailicipate  in  patient  transport. 
Intrahospital  transport  is  accomplished  primarily  by  the 
Transportation  Service,  an  independent  department  utiliz- 
ing nonclinical,  on-the-job-trained  staff.  This  department  is 
notified  whenever  a  ward  patient  is  to  be  transported  to  an- 
other area  in  the  hospital,  and  the  transporter  comes  to  the 
patient's  room  with  a  stretcher  or  wheelchair  as  required. 
According  to  protocol,  the  patient's  nurse  is  responsible  for 
making  sure  that  the  proper  support  equipment,  including 
portable  oxygen,  goes  with  the  patient.  If  there  is  a  question 
about  equipment  setup  or  some  other  aspect  of  oxygen  ther- 
apy during  transport,  the  Respiratory  Care  Department  is  to 
be  called.  When  oxygen  equipment  goes  with  the  patient, 
the  transporter  notes  this  in  the  transport  log,  which  is 
maintained  for  all  transports  and  filed  in  the  Transportation 
Department. 

To  determine  the  effectiveness  of  this  system  for  patients 
receiving  oxygen,  we  first  reviewed  the  Transportation 


Department's  records  for  all  patients  who  were  transported 
on  5  arbitrarily  selected  days  during  a  2-week  period  in 
April  and  May  of  1992.  recording  the  number  who  did  and 
did  not  receive  oxygen  during  the  transport.  Billing  for 
oxygen  therapy  on  acute-care  wards  is  canied  out  by  a 
clerk  in  the  Respiratory  Care  Department  who  visits  each 
patient  room  in  the  hospital  each  day  and  notes  which  beds 
have  oxygen  equipment  in  use.  From  these  records  for  the 
5  days  in  question,  we  determined  the  names  of  all  patients 
receiving  oxygen  therapy,  and  by  matching  the  two  lists 
determined  which  patients  had  been  transported,  and  how 
many  of  them  had  received  oxygen  during  the  transports. 
Because,  in  some  cases,  the  same  patient  received  oxygen 
during  2  or  more  of  the  audited  days,  results  of  the  billing 
audit  are  expressed  in  patient-days — the  sum  of  the  total 
days  of  oxygen  therapy  for  all  patients — 2  patient-days 
could  mean  either  I  day  of  therapy  for  each  of  two  patients 
or  therapy  for  the  same  patient  on  2  different  days. 
Similarly,  the  total  number  of  transports  recorded  may  in- 
clude two  or  more  sessions  for  a  given  patient. 

We  then  reviewed  the  hospital  charts  and  interviewed 
the  primary  nurses  for  all  patients  for  whom  oxygen  had 
been  ordered  but  who  did  not  receive  oxygen  during  trans- 
port. We  sought  to  determine  whether,  at  the  time  of  trans- 
port, there  were  ( 1 )  a  valid  physician  order  for  oxygen  and 
(2)  evidence  that  a  predetermined  oxyhemoglobin  satura- 
tion threshold  had  been  met,  justifying  intenuption  of  oxy- 
gen for  the  transport.  For  example,  if  the  physician's  order 
was  for  "nasal  oxygen  to  keep  saturation  above  92%"  and 
the  patient's  saturation  on  room  air  had  been  documented 
on  that  day  to  be  927c  or  more,  then  we  would  consider  the 
threshold  to  have  been  met  for  transport  without  oxygen.  In 
the  absence  of  such  explicit  documentation,  however,  we 
considered  a  physician's  order  for  continuous  oxygen  ther- 
apy that  covered  the  date  of  transport  to  be  in  force. 

Our  two  subsequent  audits  to  assess  the  effects  of  our  in- 
terventions were  carried  out  in  the  same  fashion.  For  the 
second  audit,  4  days  of  transpoits  were  reviewed  during 
August  1 992,  and  for  the  third  audit.  5  days  of  records  from 
November  and  December  1992  were  used. 

After  the  initial  audit,  we  reviewed  the  results  with  the 
manager  of  the  Transportation  Department  and  sent  memo- 
randa to  all  nurse  managers  of  acute-care  inpatient  units. 
These  memoranda  stressed  the  impoilance  of  continuous 
oxygen  therapy  in  patients  with  acute  hypoxemia,  includ- 
ing during  transport,  reviewed  the  use  of  the  portable 
equipment  u.sed  during  transport,  and  requested  that  the 
Respiratory  Care  Department  be  consulted  for  any  uncer- 
tainties or  problems  with  individual  patients.  We  also  of- 
fered each  nursing  unit  an  in-service  presentation  on  oxy- 
gen therapy  during  transport. 

Educational  efforts  following  the  second  audit  were 
more  intensive,  consisting  of  in-service  sessions  presented 
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by  the  iinestigators  to  all  shifts  of  all  non-ICU  inpatient 
nursing  units  and  the  posting  of  guidelines  for  oxygen  use 
during  transport  on  all  wards.  We  also  posted  tables  to  aid 
estimation  of  cylinder  oxygen  duration,  to  avoid  depletion 
of  oxygen  while  patients  were  away  from  the  ward.  The  in- 
service  sessions  were  presented  in  a  standardized  fashion 
and  reviewed  the  adverse  effects  of  hypoxemia,  how  to  use 
an  E  cylinder,  other  apparatus  employed  in  patient  trans- 
port, and  issues  of  patient  safety  during  transport.  These 
sessions  were  directed  to  all  bedside  nurses  in  the  appropri- 
ate clinical  units,  and  all  participants  received  a  handout 
summarizing  the  information  presented. 

Following  completion  of  this  first  phase  of  the  study,  we 
carried  out  structured  telephone  interviews  with  the  respira- 
tory care  managers  or  their  designees  of  all  hospitals  of  200 
beds  or  more  in  the  State  of  Washington.  All  interviews 
were  performed  by  two  investigators  who  followed  the 
same  script  and  used  the  same  data  form  to  record  respons- 
es. Some  of  the  questions  asked  were 

•  Does  your  hospital  have  a  separate  transport  service? 

.  If  no,  who  (nurse,  respiratory  therapist,  or  other 
transporter)  performs  patient  transportation? 

.  If  yes,  does  this  service  maintain  its  own  portable 
oxygen  sources? 

•  Is  a  written  record  of  the  transports  maintained? 

•  Who  (nurse,  respiratory  therapist,  or  other  transporter) 
decides  whether  a  patient  receives  oxygen  during  the 
transport? 

Results 

Audit  1 

During  the  initial  5  days,  there  were  125  patient-days  of 
oxygen  therapy.  During  this  period,  55  transports  were  car- 
ried out  on  patients  for  whom  oxygen  had  been  ordered. 
Oxygen  was  actually  used  during  the  transport  on  only  30 
(55%)  of  these  (Table  1). 

In  some  cases,  orders  were  written  in  a  manner  that  would 
pemiit  oxygen  to  be  withheld  if  the  patient's  oxyhemoglobin 


Table  1 .     Use  of  .Suppleniental  Oxygon  during  Transpon  in  Palicnts  Icir 
Whom  Oxygen  Had  Been  Prescribed 


Audit 

Oxygen 
Patient-Days* 

Transports 

Transports 
with  Oxygen 

Initial 

After  first  intervention 

After  second  intervention 

125 
82 
99 

civing  tixygcn  nn  eath  i 

55 
35 
35 

f  Ihc  judilcd  days;  r 

30  (55%) 
28  (80%) 
35(100%) 

•Sum  of  the  number  of  puIicnLs  rcc 
palicnl  im  Iwo  or  more  days. 

lay  inLliiik'  ihc  same 

saturation  were  above  a  certain  threshold  level  while  breath- 
ing room  air.  but  in  none  of  the  25  patients  transported  with- 
out oxygen  was  there  documentation  that  these  conditions 
had  been  met. 

After  completion  of  this  audit,  we  learned  from  discus- 
sions with  ward  personnel  that  (although  a  patient's  nurse 
usually  detemiined  whether  oxygen  would  accompany  that 
patient  during  transport)  if  the  primary  nurse  were  not  imme- 
diately available  when  the  transporter  came  for  the  patient, 
this  decision  was  sometimes  made  by  other  nurses  or  by  the 
unit  clerks. 

Audit  2 

Tlie  second  audit,  after  distribution  of  memoranda  and  the 
offer  of  in-service  sessions  by  the  Respiratory  Care 
Department  (none  were  requested),  revealed  that  28  of  35 
transports  of  oxygen  patients  ( 80% )  during  82  patient-days 
of  oxygen  therapy  were  made  with  oxygen  (Table  1 ).  Again, 
in  none  of  the  instances  of  transport  without  oxygen  were 
conditions  documented  that  made  this  omission  consistent 
with  the  physician's  order. 

Audita 

Following  the  second  intervention  period,  which  included 
giving  a  total  of  26  separate  in-service  sessions  to  110  nurses 
on  the  non-ICU  wards,  the  third  audit  showed  that  all  35 
transports  of  oxygen  patients  during  99  patient-days  were 
made  with  oxygen  (Table  1 ). 

Survey 

Survey  data  were  obtained  from  all  24  hospitals  in 
Washington  with  more  than  200  beds  (range  225-680  beds). 
Eleven  of  these  24  hospitals  (46%)  had  separate  transport 
services,  all  of  which  employed  on-the-job-trained  person- 
nel. The  administrative  depiutment  in  chmge  of  this  transport 
service  varied  but  never  included  the  Respiratory  Care 
Department. 

Five  of  the  1 1  transport  services  maintained  their  own 
poilable  oxygen  supplies  for  use  during  patient  transport.  In 
one.  the  Materiels  Management  Department  supplied  the 
oxygen:  in  the  remainder,  oxygen  and  related  equipment 
were  provided  by  the  Respiratory  Care  Department. 

In  13  hospitals,  the  receiving  unit  (eg,  radiology,  cardiology) 
sent  their  own  personnel  to  trmisport  w;ird  patients.  Nurses  gen- 
erally decided  whetlier  a  given  patient  required  oxygen  for  U~ans- 
port.  In  only  5  of  the  24  hospitiils  (21%)  were  respiratory  c;ire 
practitioners  involved  in  the  non-ICU  transjxirt  of  hospitalized 
patients.  In  no  instance  was  the  respiratoiy  c;ire  manager  (or 
other  interviewed  individual)  awiue  of  lui  audit  of  t)xygen  use 
during  patient  U"ans|Tort  ha\  ing  been  done  in  tlieir  hospital. 
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Discussion 

With  this  study,  we  have  demonstrated  that  patients  re- 
ceiving oxygen  therapy  on  acute-care  wards  are  often 
transported  to  other  areas  of  the  hospital  without  oxygen, 
and  that  a  transport  system  like  the  one  in  our  hospital  is 
common  in  other  institutions.  Our  observations  raise  the 
concern  that  this  potentially  harmful  practice  could  be 
widespread.  We  further  found  that  educational  efforts  di- 
rected to  the  personnel  responsible  for  supervising  pa- 
tient transports  can  play  an  important  role  in  correcting 
the  problem. 

Our  study  was  not  designed  to  look  for  adverse  clinical 
events  that  might  have  occurred  as  a  result  of  the  inter- 
ruption of  ordered  oxygen  therapy.  Acutely  ill  patients 
who  experience  hypoxemia  following  interruption  of 
oxygen  therapy  are  at  risk  for  cardiac  dysrhythmias,  car- 
diopulmonary arrest,  and  other  potentially  life-threaten- 
ing events.  It  is  clear  that  any  such  occurrence  to  which 
the  interruption  of  prescribed  therapy  might  have  con- 
tributed would  not  only  be  inexcusable  from  a  medical 
standpoint  but  also  could  lead  to  legal  action  against  the 
hospital  and/or  the  clinicians  involved.  This  emphasizes 
the  importance  of  assuring  that  physician-ordered  contin- 
uous oxygen  therapy  not  be  interrupted,  particularly 
when  patients  are  transported  to  areas  of  the  hospital  that 
are  less  immediately  accessible  or  less  well  staffed  with 
personnel  trained  to  respond  to  an  emergency  than  is  the 
case  on  acute-care  wards. 

Although  our  study  revealed  that,  at  least  in  our  institu- 
tion, nonclinical  personnel  such  as  unit  clerks  have  some- 
times made  de  facto  decisions  about  medical  matters 
such  as  oxygen  therapy,  this  is  both  medically  and  legally 
inappropriate.  Our  in-service  sessions  emphasized  the 
necessity  of  complying  with  physicians'  orders  for  oxy- 
gen therapy  and  the  importance  of  such  care  being  ad- 
ministered by  appropriately  trained  personnel. 
Accordingly,  we  did  not  include  either  the  transport  per- 
sonnel or  the  unit  clerks  in  these  sessions  but  made  spe- 
cial efforts  to  include  every  staff  nurse  who  might  care 
for  a  patient  for  whom  oxygen  was  prescribed. 

Conclusions 

In  this  era  in  which  generalists  are  providing  care  that 
was  previously  carried  out  by  specialists,  assuring  safe, 
appropriate  patient  care  becomes  increasingly  challeng- 
ing. In  some  hospitals  the  provision  of  respiratory  care 
services  in  non-ICU  inpatient  areas  is  the  responsibility 
of  nursing  rather  than  respiratory  care  departments.  In 
such  institutions,  there  is  a  more  urgent  need  for  assess- 
ments of  the  quality  of  care  and  continuing  education  of 
caregivers. 


Even  though  other  services  may  provide  respiratory 
care,  respiratory  care  practitioners  are  the  professionals 
who  are  best  prepared  to  set  standards  for  the  respiratory 
care  of  patients,  to  assess  the  quality  of  that  care,  and  to 
provide  whatever  education  and  evaluation  may  be  need- 
ed to  improve  the  respiratory  care  of  patients.  As  shown 
by  the  results  of  this  study,  the  Respiratory  Care 
Department  can  play  an  important  role  in  meeting  those 
needs,  even  when  the  actual  care  in  question,  in  this  in- 
stance oxygen  therapy,  is  not  directly  provided  by  respi- 
ratory care  practitioners. 

The  provision  of  oxygen  therapy  when  patients  leave 
their  home  unit  is  only  one  of  a  number  of  aspects  of  res- 
piratory care  on  acute-care  wards  that  may  deserve  study 
in  this  era  of  restructuring  and  redeployment  of  hospital 
personnel.  It  would  be  worthwhile  to  document  the  ex- 
tent to  which  the  problems  that  we  identified  are  present 
in  other  institutions.  The  frequency  and  severity  of  ad- 
verse occurrences  related  to  hypoxemia  in  patients  for 
whom  continuous  oxygen  therapy  has  been  prescribed 
are  unknown.  However,  the  relationship  of  adverse 
events  to  the  appropriateness  of  the  oxygen  prescription 
and  to  the  administration  of  the  ordered  therapy  should 
be  investigated.  These  and  other  research  questions  per- 
taining to  non-ICU  inpatient  oxygen  therapy  deserve  fur- 
ther study. 
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Lung-Volume-Dependent  Effects  of  Varying  Inspiratory 

Time  during  High-Frequency  Oscillation 

of  Surfactant-Deficient  Rabbits 

Kaye  Weber  MS  RRT,  Sherry  E  Courtney  MD  MS,  Kevin  Karcz,  and  Paul  S  Levy  ScD 

BACKGROUND:  High-frequency  oscillatory  ventilation  (HFOV)  has  been  used  to  treat  dif- 
fuse alveolar  disease  in  neonates.  The  SensorMedics  3100  oscillator  provides  for  varying  in- 
spiratory time  (%IT),  but  little  evidence  exists  for  the  clinical  utility  of  this  option.  Because 
%IT  has  important  effects  on  lung  volume  (LV),  tidal  volume  (Vt),  and  blood  gas  values  dur- 
ing conventional  mechanical  ventilation,  it  is  important  to  know  whether  such  effects  are  pre- 
sent when  HFOV  is  used.  MATERIALS  &  METHODS:  We  studied  12  New  Zealand  White 
rabbits  after  saline  lung  lavage  to  determine  the  effects  of  varying  %IT  on  a/Ao;,  PaCOi.  car- 
diac output  (CO.),  and  Vt  and  to  discover  whether  these  effects  were  dependent  on  LV. 
Animals  were  randomized  to  high  LV  (HLV)  or  low  LV  (LLV)  and  placed  in  a  body  plethys- 
mograph.  HLV  and  LLV  were  defined  as  baseline  LV  (BLV)  ±33%.  We  collected  data  at  33, 
50,  and  70  %IT  using  both  BLV  and  LLV  and  BLV  and  HLV.  We  tested  our  hypotheses 
using  analysis  of  variance  with  repeated  measures.  RESULTS:  No  effect  of  varying  %IT  was 
dependent  on  LV  (p  >  0.05).  At  HLV,  oxygenation  (a/Ao:)  was  signiflcantly  higher  (p  = 
0.006),  whereas  CO.  was  lower  (p  =  0.04),  across  all  %ITs.  The  effect  of  %IT  on  Vt  and 
PaCOj  was  highly  significant  (p  <  0.0005)  across  all  LVs.  CONCLUSION:  In  a  saline-lavaged 
rabbit  model,  the  cardiorespiratory  effects  of  using  33,  50,  and  70  %IT  are  independent  of 
LV.  [RespirCare  1994:39(10):973-978.] 
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Background 

Several  reports  of  well-controlled  clinical  trials  using  high- 
frequency  oscillatory  ventilation  (HFOV)  in  neonates  have  re- 
cently appeared  in  the  literature."' Most  of  these  attest  to  an 
immediate  and  sustained  reduction  in  oxygen  requirement  and 
a  reduction  in  the  incidence  of  air  leaks  compared  to  infants 
treated  with  conventional  ventilators.  Clark  et  aH  showed  a 
significant  reduction  in  the  incidence  and  severity  of  chronic 
lung  disease  in  a  group  of  infants  who  received  only  HFOV 
and  recently  reported  that  many  infants  who  qualify  for  extra- 
corporeal membrane  oxygenation  can  be  successfully  'res- 
cued' with  HFOV.**  Although  the  optimum  strategy  for  HFOV 
in  the  management  of  respiratory  distress  syndrome  (RDS)  is 
becoming  clearer,  other  disease-specific  strategies  have  not 
been  developed.  Elucidation  of  the  role  of  inspiratory  time 
(%IT)  may  contribute  to  strategy  development. 

Most  clinicians  manage  infants  on  HFOV  by  optimizing 
mean  airway  pressure  (Paw)  to  normalize  PaO:  and  adjust- 
ing the  amplitude  of  the  piston  to  achieve  the  characteristic 
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"chest  wiggle"  and  clinically  acceptable  Paco:'""  However, 
in  addition  to  P^w  and  amplitude,  inspiratory  time  (VrIT) 
may  be  varied  with  the  oscillator  we  used. 

The  SensorMedics  3 1 00  high-frequency  oscillatory  ven- 
tilator* employs  an  electromagnetic  piston  driver  that  in- 
creases its  excursion  as  more  power  is  applied — ampli- 
tude, in  cm  H2O,  is  displayed  to  guide  the  user.  This  oscil- 
lator, approved  by  the  U.S.  Food  and  Drug  Administration 
for  use  in  neonates  in  respiratory  failure  (personal  commu- 
nication, Robert  Sheridan,  FDA  to  Paul  Kittinger, 
SensorMedics  Corp,  1 99 1),  provides  for  varying  %IT 
owing  to  the  design  of  the  driver.  However,  it  is  not  clear 
whether  this  option  is  clinically  useful. 

We  previously  sought  to  define  the  clinical  usefulness 
of  varying  VrlT  during  HFOV  using  the  SensorMedics 
3100.' We  were  unable  to  discover  a  significant  effect  on 
oxygenation,  ventilation,  or  cardiac  output  (CO.)  and  pos- 
tulated that  these  effects  might  have  been  obscured  by 
fluctuating  lung  volume  (LV),  which  we  did  not  measure 
or  attempt  to  control  Therefore,  we  designed  this  study  to 
answer  the  following  questions:  ( 1 )  For  a  given  %IT,  what 
are  the  cardiorespiratory  effects  of  varying  LV?  (2)  For  a 
given  LV,  what  are  the  effects  of  varying  %IT?  (3)  Are  the 
effects  of  varying  '^IT  dependent  on  LV  during  HFOV? 

Materials  and  Methods 

We  studied  12  adult  New  Zealand  White  rabbits  that 
were  initially  anesthetized  with  an  intramuscular  injection 
of  50  mg/kg  ketamine,  6.0  mg/kg  xylazine,  0.4  mg/kg  ace- 
promazine,  and  40  /u-g/kg  atropine  and  placed  supine  for 
instrumentation.  We  maintained  anesthesia  by  infusing  5.0 
mg/kg/h  xylazine  in  5%  dextrose  and  lactated  Ringer's  so- 
lution (D5LR)  via  ear-vein  cannulation.  We  placed  a  3.5- 
mm-ID  endotracheal  tube  into  each  animal's  airway  via 
tracheotomy.  The  tube  was  secured  with  a  length  of  umbil- 
ical tape  tied  around  the  trachea  to  prevent  air  leaks. 

The  rabbits  were  surgically  instrumented  to  provide 
femoral  artery  access  for  blood  pressure  and  heart  rate 
monitoring,  femoral  vein  access,  CO.  via  a  right  internal 
jugular  cannula  (injection  site),  and  blood  temperature  via 
an  indwelling  thermistor  placed  through  the  right  common 
carotid  artery  to  the  arch  of  the  aorta.  We  verified  the  posi- 
tion of  the  thermistor  using  a  chest  radiograph  and  at  least 
three  consecutive  measurements  of  CO.  using  the  tech- 
nique reported  by  Warren  and  Ledingham." 

Paralysis  and  ventilation  were  instituted  simultaneously. 
We  used  0.1  mg/kg  pancuronium  bromide  initially  and 
every  20  minutes  thereafter  to  maintain  paralysis.  The  con- 


ventional ventilator  was  .set  at  peak  inspiratory  pressure  15 
cm  HiO,  end-expiratory  pressure  2  cm  H2O,  rate  30 
breaths/minute,  inspiratory  time  0.5  seconds,  and  Fjo:  0.21. 

We  created  our  surfactant-deficient  model  using  serial 
lung  lavage  of  30  mL/kg  normal  saline  that  had  been 
warmed  to  39°C.  Following  the  first  lavage,  the  ventilator 
settings  were  increased  as  follows:  peak  inspiratory  pres- 
sure 22  cm  H2O,  end-expiratory  pressure  4  cm  H2O,  rate 
50  breaths/minute,  and  Fjo:  I.O.  Using  these  settings,  we 
maintained  pH  >  7.30,  Paco:  35-50  torr,  and  PaO:  >  100 
torr  in  all  animals.  Lung  lavage  was  repeated  until  PaO: 
was  less  than  100  torr.  We  then  placed  the  animal  in  a  27-L 
whole-body  plethysmograph  (PL).  Validation  of  the  PL 
has  been  previously  reported.'  All  probes  and  catheters 
were  reattached  to  pass-through  ports  in  the  wall  of  the  PL; 
the  PL  was  closed  and  an  airtight  seal  achieved.  We  moni- 
tored the  temperature  change  in  the  PL  by  observing  a 
thermometer  mounted  inside  and  did  not  begin  the  experi- 
ment until  this  temperature  was  stable. 

We  initiated  HFOV  with  Paw  equal  to  2  cm  H2O  above 
that  required  on  the  conventional  ventilator,  amplitude  60 
to80cmH2O,  33%IT(I:E  1 :2),  frequency  15Hz,  andFio. 
1.0.  These  initial  settings  were  chosen  according  to  the 
method  used  clinically  for  infants  with  RDS.'-''  Based  on 
arterial  blood  gases,  we  adjusted  Paw  until  PaO:  was  be- 
tween 60  and  100  torr  and  adjusted  amplitude  until  PaCO: 
was  35  to  55  torr  with  pH  7.30  to  7.45. 

We  calibrated  PL  pressure  to  volume  using  a  rapid  stroke 
of  a  calibration  syringe;'"  we  used  0,  20,  and  40  mL  for  cal- 
ibration of  the  measurement  of  tidal  volume  (Vj).  Lung 
volume  above  true  FRC  was  recorded  as  the  electronic 
mean  of  the  Vx  measurement.  We  measured  lung  volume 
above  FRC  by  removing  the  ventilator  circuit  and  allowing 
the  animal  to  exhale  passively  to  true  FRC  (confirmed  by  a 


-»-  Create  the  Model 


-  Experimental  Protocol 


High  Frequency  Ventilator *- 

Paw  required  for  Pa02  60-100  mm  Hg 
Amplitude  required  for  PaCOZ  35-50  mm  Hg 
33%  l-Tlme 
FrBquency  15  Hz 
Fi02  1.0 


Data  Collection 

Cardiac  Output 
Blood  Gas 
Airway  Pressures 
Lung  Volume 
Tidal  Volume 


Randomize  to  one  of 

the  following  lung  volume/ 
l-time  order  combinations: 

HLV-33-50-70  LLV-33-50-70 
HLV-33-70-50  aV-33-70-50 
HLV-50-33-70  U.V-50-33-70 
HLV-50-70-33  LLV-50-70-33 
HLV-70-33-50  LLV-70-33-50 
HLV-70-50-33  LLV-70-50-33 


•Manufacturers  and  suppliers  are  identified  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


Fig.  1.  Flow  diagram  showing  the  temporal  sequence  of  events 
during  the  experiment.  All  of  the  1 2  lung  volume-%  inspiratory  time 
combinations  are  shown;  however,  each  one  was  used  only  once 
and  was  randomly  allocated  to  the  animal  following  stabilization  on 
the  high-frequency  ventilator  and  plethysmograph  calibration. 
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stable  horizontal  volume  tracing),  opening  the  PL  to  the  at- 
mosphere ensuring  a  zero  volume  tracing,  resealing  the  PL, 
and  resuming  HFOV.  This  procedure  took  only  a  few  sec- 
onds to  accomplish.  We  observed  the  rise  of  LV  on  the 
recorder;  when  LV  had  remained  stable  for  5  minutes 
(varying  not  more  than  ±1  mL),  that  value  of  LV  was  taken 
for  baseline  LV  (BLV)  upon  which  all  changes  in  LV  were 
based  throughout  the  experiment.  We  empirically  chose 
±337f  BLV  for  high  LV  (HLV)  and  low  LV  (LLV),  respec- 
tively. Lung  volumes  were  varied  by  adjusting  P^w 

CO.  was  computed  following  rapid  injection  of  3  niL  of 
room-temperature  DjLR  through  the  internal  jugular 
catheter.  The  monitor's  output,  resultant  change  in  temper- 
ature sensed  by  the  thermistor  in  the  arch  of  the  aorta,  was 
traced  on  the  chart  recorder.  For  each  datapoint,  the  aver- 
age of  two  measurements  that  were  within  10%  of  each 
other  is  reported 

We  used  simple  randomization  without  replacement  to 
assign  the  sequence  of  the  LV-%IT  combinations. 
Because  we  used  2  experimental  LVs  with  separate  BLVs 
for  each  group  and  3  experimental  %ITs,  12  combinations 
of  %IT  order  and  high  or  low  LV  were  possible.  These  are 
shown  in  Figure  1,  which  illustrates  the  sequence  of  the 
experimental  protocol.  Once  stable  lung  volume  had  been 
achieved  on  HFOV,  the  next  sequentially  numbered  ran- 
domization card  was  drawn.  We  recorded  data  at  both  ex- 
perimental LV  and  baseline  LV  for  each  %IT  in  the  order 
specified  on  the  randomization  card.  For  example,  for 
HLV-70-50-33,  we  first  increased  %IT  to  70  and  stabi- 
lized LV  to  the  predetermined  baseline  level  by  adjusting 
Paw.  Once  data  were  collected,  we  changed  LV  to  the  ex- 
perimental condition,  HLV  in  this  example,  where  HLV  = 
BLV  -I-  33%,  and  recorded  the  second  data  set  at  70  %IT. 
The  experiment  proceeded  with  a  change  to  50  %IT  then 
finally  to  33  %IT,  until  data  were  collected  at  each  of  the 
6  LV/%IT  periods— 3  %ITs  at  both  BLV  and  HLV.  At 
each  data  period,  we  recorded  blood  gases,  CO.,  Vx,  and 
LV.  These  data  were  subsequently  used  to  test  our  hy- 
potheses. To  ensure  the  stability  of  the  animal  and  mea- 
surement apparatus,  we  also  recorded  blood  pressure, 
drugs  administered,  and  ventilator  settings. 

Following  completion  of  the  experiment,  the  animals 
were  killed  with  an  injection  of  3-mL  B-euthanasia  via  the 
femoral  vein.  This  protocol  was  approved  by  the 
Committee  on  Animal  Experimentation,  Michael  Reese 
Hospital  and  Medical  Center,  Chicago  IL. 

Descriptive  statistics  and  hypothesis  tests  were  done  using 
Systat  software,  version  5.0.  We  assessed  the  groups  for  dif- 
ferences in  baseline  characteristics  using  independent  f-tests. 
We  chose  an  analysis-of-variance  model  to  test  our  hypothe- 
ses regarding  a/Ao,,  PaCO:.  C.O.,  and  Vx  with  lung  volume  as 
the  covariate  and  %IT  as  the  repeated  measure.  Null  hy- 
potheses were  rejected  at  p  <  0.05  (two-side). 


Results 

Postlavage  baseline  characteristics  are  summarized  in 
Table  1.  There  were  no  significant  differences  between 
LLV  and  HLV  groups  for  any  of  these  variables. 

Paco:  and  Vx  varied  significantly  at  50  %IT  for  all  levels 
of  LV  when  compared  to  33  and  70  %'IT — Paco;  decreased 
and  Vx  increased;  these  responses  are  shown  graphically  in 
Figure  2  (A  and  B).  There  was  no  effect  of  LV  on  either  of 
these  variables.  We  found  that  there  was  a  significant  ef- 
fect of  LV  on  a/Ao:  and  CO.;  one  can  see  from  Figure  2, 
panels  C  and  D,  that  a/Ao,  significantly  increased  and 
CO.  significantly  decreased  with  HLV  compared  to  BLV. 
There  was  no  effect  of  %IT  on  a/Ao:  or  CO.  The  changes 
that  occurred  in  all  variables  due  to  varying  %'IT  were  in- 
dependent of  LV  (p  >  0.05).  The  pattern  of  the  responses  to 
varying  %IT  was  not  different  for  any  level  of  LV. 

Table  1 .      Baseline  Characteristics  by  Group  Prior  to  Randomization 


Lung  Volume  Group 

Variable 

Low 

High 

p  Value 

n 

6 

6 

_ 

Weight  (kg) 

3.0 (0.3)* 

3.0(0.3) 

0.84 

Lavages  (number) 

4.7(1.4) 

4.3(0.8) 

0.62 

33%  BLV  (mL)t 

11.2(2.8) 

11.2(2.6) 

1.0 

Blood  temperature  (°C) 

38.6(0.5) 

38.8(0.5) 

0.53 

a/Ao: 

0.108(0.014) 

0.116(0.027) 

0.53 

P,CO:(tOn) 

54.4(9.2) 

40.7(7.4) 

0.20 

Paw  (cm  H20)t 

11.0 

11.0 

— 

♦Dala  are  mean  (SD). 

\?>3'^c  BLV  (baseline  lung  volum 

el  IS  equal  to  the  change 

from  the  baseline  to  the 

expen  mental 

lung  volume. 

$Mean  airway  pressure  on  oonve 

nlional  mei.-hanii:al  ventilation. 

Discussion 

High-frequency  oscillatory  ventilation  is  used  to  man- 
age neonatal  RDS  and  air  leaks  due  to  the  encouraging  re- 
sults of  recent  clinical  trials  attesting  to  its  efficacy  and 
safety.'  ■*  In  addition,  there  is  some  evidence  that,  in  infants 
who  meet  criteria  for  extracorporeal  membrane  oxygena- 
tion (ECMO),  more  than  half  can  be  successfully  managed 
with  HFOV  and  ECMO  avoided.''" 

Some  guidelines  exist  for  the  use  of  HFOV  in  infants 
with  diffuse  alveolar  diseases  such  as  RDS.  The  effect  of 
high  constant  lung  volume  has  been  shown  to  promote 
alveolar  recruitment  and  improve  oxygenation  without 
pathologic  overdistention  of  distal  lung  units.'-'-''* 
However,  it  is  unclear  what  strategies  might  be  used  in  in- 
fants who  require  mechanical  ventilation  for  reasons  other 
than  diffuse  alveolar  disease. 

The  oscillator  used  in  this  experiment  employs  an  elec- 
tromagnetic piston  technology  to  produce  tidal  volume 
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Fig.  2.  Bar  graphs  showing  (A)  Pacos,  (B)  tidal  volume,  (C)  a/Ao;,  and  (D)  cardiac  output.  Bars  are  mean  +  standard  deviation.  The  legend  is 
experimental  low  lung  volume  ^M.  baseline  low  lung  volume  d],  baseline  high  lung  volume  CZI,  and  experimental  high  lung  volume  ^. 
The  asterisk  denotes  significance.  In  panels  A  and  B,  Paco!  and  tidal  volume  at  50  %IT  are  significantly  different  from  data  at  33  and  70  for 
all  lung  volumes.  In  panels  C  and  D,  the  change  from  baseline  to  high  lung  volume  for  a/Ao,  and  cardiac  output  was  significant  compared  to 
the  change  from  baseline  to  low  lung  volume;  this  difference  persisted  at  all  %  inspiratory  times. 


changes  in  the  airway.  Because  of  this  technology,  it  is 
possible  to  vary  the  %IT  from  30  to  70  in  the  investigation- 
al pre-market  version  of  this  ventilator  (iVlodel  3I00A). 
However,  because  no  data  exist  regarding  varying  VclT. 
the  FDA  requires  that  the  market  model  of  this  ventilator 
be  capable  of  varying  '7(\T  only  from  .30  to  50.  Data  are 
needed  concerning  the  cardiorespiratory  effects  of  varying 
%  IT  during  HFOV. 

Yamada  et  al'"  studied  the  relationship  ol'  '/<  IT  lo  alveo- 
lar ventilation  in  anestheti/ed  dogs  during  HFOV.  They 
held  Vt  and  frequency  constant  and  found  no  effect  of 
%IT  on  alveolar  ventilation.  However,  their  model  and 


protocol  were  very  different  from  ours.  In  1981,  Slutsky  et 
al'^  found  that  at  a  constant  frequency  the  effects  of  CO2 
elimination  from  increasing  Vt  were  independent  of  LV  in 
a  dog  model  with  normal  lungs.  Other  investigators,  using 
jet  ventilators,  have  shown  results  similar  to  ours  and,  in 
addition,  have  noted  the  risk  of  lung  overdistention  as  %IT 
is  increased."'"  However,  comparisons  such  as  this  should 
be  viewed  with  caution  because  jet  ventilators  operate  very 
differently  from  oscillators. 

Our  previous  work  sought  to  determine  whether  increas- 
ing '/f  IT  would  affect  oxygenation,  ventilation,  or  cardiac 
output.'  Wc  found  no  significant  dilTerences  in  these  mea- 
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surements  as  a  result  of  varying  %IT.  We  speculated  that 
randomly  fluctuating  lung  volume  may  obscure  therapeu- 
tic results  of  varying  'JfIT  and  therefore  undertook  this 
work. 

The  effect  of  lung  volume  on  PjO:  and  CO.  is  not  surpris- 
ing since  several  investigations  confirm  this  result. '"-"''^ 
However,  a  delicate  balance  exists  between  optimizing  PaO: 
and  maintaining  CO.  at  levels  that  are  clinically  accept- 
able. This  issue  is  further  complicated  because  reliable 
measurements  of  CO.  in  neonates  are  problematic.  Studies 
measuring  tissue  oxygen  delivery  are  needed  to  define  the 
limits  wherein  this  balance  lies.  The  association  between 
lung  volume  and  alveolar  recruitment  is  well  known  dur- 
ing both  conventional  ventilation  and  HFOV."'"*  In  the 
present  study,  the  main  effect  of  lung  volume  on  Paco:  was 
not  significant.  Paco;  was  significantly  lower  at  50  %IT 
compared  to  both  33  and  70  %IT  (Fig.  2A).  There  was  also 
a  significant  increase  in  Vt  at  50  %IT  compared  to  the 
other  '/fITs  (Fig.  2B).  Interestingly,  this  result  in  Vj  paral- 
lels the  bench  work  performed  by  the  manufacturer  using  a 
test  lung  (personal  communication,  L  Thomas  Rauterkus, 
SensorMedics  Corp,  1989).  In  their  work,  Vj  was  highest 
at  50  VclT  and  lowest  at  70  VclT  over  the  entire  range  of 
frequencies  tested.  To  our  knowledge  this  phenomenon 
has  not  been  previously  documented  in  vivo. 

Gerstmann  et  al,-"  using  a  rabbit  model  with  normal 
lungs,  discovered  that  at  50  %IT  alveolar  pressure  exceeds 
proximal  airway  pressure  in  some  regions  of  the  lung.  At 
33  %IT,  alveolar  pressure  was  less  than  pressure  at  the 
proximal  airway.  Therefore,  %\T  higher  than  33  should  be 
used  with  caution.  Our  data  show  that,  within  the  range  of 
clinically  useful  lung  volumes  (experimental  LLV  exclud- 
ed), a  Paw  reduction  of  1-2  cm  H2O  was  sufficient  to  avoid 
increasing  LV  as  %IT  was  increased  from  33  to  50. 

Conclusion 

We  conclude  that  there  are  no  lung-volume  dependent 
effects  of  varying  %IT  during  HFOV  in  the  saline-lavaged 
rabbit.  That  is,  the  changes  we  observed  as  we  varied  %IT 
were  not  different  at  various  levels  of  LV.  However,  we 
observed  significant  lung  volume  effects  at  each  %IT  on 
a/Ao:  and  CO.  and  significant  ^IT  effects  at  each  lung 
volume  for  V-r  and  PaCO:-  Our  results  confirm  the  utility  of 
a  high  lung-volume  strategy  to  promote  alveolar  recruit- 
ment and  the  attendant  improvement  in  PaOi'''""'"*'''"'"  In 
addition,  our  work  suggests  that  using  50  %IT  may  im- 
prove ventilation  by  increasing  Vj  as  %IT  is  increased 
from  33  to  50.  However,  the  saline-lavaged  rabbit  is  not 
the  same  as  an  infant  with  RDS.  Future  studies  should  de- 
fine whether  the  ventilatory  effect  of  using  50  %IT  holds 
true  in  the  human  infant  with  and  without  air  leaks,  and  in 
the  presence  of  both  alveolar  and  airway  disease. 


ACKNOWLEDGMENTS 


The  authors  thank  David  J  Durand  MD  and  J  lasha  Sznujder  MD  lor 
their  thoughtful  commentary  during  the  preparation  of  the  manuscript. 


PRODUCT  SOURCES 

Blood  Pressure  Transducer: 

Model  P23-db  and  S-channel  recorder.  Model  RS3800,  Gould 
Electronics,  Cleveland  OH 

Cardiac  Output  Computer: 

Model  9425 A  with  thermistor  and  injection  catheter  (Product  #94- 
030-2.5F).  Edslabs-Baxter,  Irvine  CA 

Low-Range  Pressure  Transducer: 

Model  DP45-16.  Validyne  Engineering  Coip.  Northridge  CA 

Calibration  Syringe: 

100  mL.  Hans  Rudolph.  Kansas  City  MO 

Conventional  Ventilator: 

Model  BP-200,  Bear  Medical  Systems  Inc.  Riverside  CA 

High-Frequency  Ventilator: 

Model  3 1 00.  SensorMedics  Corp,  Yorba  Linda  CA 

Statistical  Analysis  Software: 

Systat  version  5.0.  Systat  Inc.  Evanston  IL 
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Respiratory  System  Behavior  during  Mechanical  Inflation  with 
Constant  Inspiratory  Pressure  and  Flow 

Robert  L  Chatburn  RRT,  Mohamad  F  El  Kliatib  MS,  and  Paul  G  Smith  DO 

BACKGROUND:  Constant-pressure  inflation  (CPI)  and  constant -flow  inflation  (CFI)  are 
widely  used  forms  of  mechanical  ventilation  applied  to  critically  ill  patients.  The  relative  ad- 
vantages of  these  two  approaches  to  ventilation  are  controversial.  The  purpose  of  this  study 
was  to  determine  the  theoretical  factors  that  affect  the  distribution  of  volume  in  a  mathemati- 
cal model  of  the  lung.  METHODS:  We  postulated  a  lung  model  composed  of  two  parallel  lung 
units.  Analysis  of  model  response  was  performed  for  step  inputs  of  pressure  ( ie,  CPI )  and  flow 
(ie,  CFI)  using  the  Laplace  transform.  RESULTS:  For  lung  units  with  equal  impedances,  both 
CPI  and  CFI  result  in  equal  distribution  of  volume  between  the  two  lung  units  and  distribu- 
tion is  not  a  function  of  time.  For  lung  units  with  different  impedances  but  equal  time  con- 
stants (T),  the  distribution  of  volume  will  depend  only  on  the  ratio  of  compliances  or  resis- 
tances for  both  modes  of  ventilation.  For  different  T  but  equal  resistances,  CFI  gives  more  uni- 
form volumetric  expansion  and  possibly  lower  risk  of  barotrauma  than  CPI.  For  different  t 
but  equal  compliances,  CPI  gives  more  uniform  volumetric  expansion  and  possibly  lower  risk 
of  barotrauma  than  CFI.  CONCLUSIONS:  We  conclude  that  in  the  absence  of  auto-PEEP 
lung  time  constants  are  the  primary  factors  that  determine  the  distribution  of  volume  between 
lung  units  and  that  the  relative  superiority  of  one  ventilatory  mode  over  another  depends  on 
the  underlying  lung  pathology  that  dictates  the  components  of  the  time  constant.  [Respir  Care 
1994;39(10):979-988.] 


Background 

Third-generation  microprocessor-based  mechanical  venti- 
lators can  be  thought  of  as  being  either  inspiratory-pressure  or 
inspiratory-flow  controllers.  As  such,  they  offer  a  variety  of 
preset  inspiratory  waveforms.  The  relative  advantages  of  pres- 
sure versus  flow  control  in  terms  of  improving  distribution  of 
ventilation  and  gas  exchange  are  unclear,'  and  several  differ- 
ent strategies  have  been  suggested.-  Our  understanding  of 
these  principles  may  guide  our  management  decisions  and 
thereby  minimize  barotrauma  caused  by  overdistention  of  lung 
units.  Most  theoretical  studies  have  been  based  on  a  single- 
compartment  model  of  the  respiratory  system.  Recently, 
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Marini  and  Crooke^  developed  a  general  mathematical  model 
for  the  dynamic  behavior  of  the  single-compartment  respirato- 
ry system  model.  However,  early  work  by  Otis  et  al-  and  more 
recent  studies  by  Bates  et  aH  and  Chelucci  et  al'  indicate  that  a 
two-compartment  model  offers  unique  insights  relevant  to  the 
distribution  of  gas  between  lung  units  with  unequal  time  con- 
stants (X). 

We  applied  elementary  electronic  circuit  analysis  tech- 
niques to  a  two-compartment  model  of  the  respiratory  system 
to  answer  two  general  questions:  ( 1 )  What  factors  affect  the 
distribution  of  ventilation  and  tidal  volume  between  two  lung 
units?  (2)  Is  the  distribution  of  tidal  volume  between  the  two 
lung  units  the  same  during  constant-pressure  (CPI)  and  con- 
stant-flow inflation  (CFI)? 

Constant-pressure  and  constant-flow  modes  of  inflation 
were  selected  because  most  modem  ventilators  are  capable  of 
performing  both  and  because  they  represent  two  philosophi- 
cally opposite  approaches  to  assisted  ventilation.  Constant- 
pressure  ventilation  has  been  used  with  neonates,  whereas 
constant-flow  ventilation  has  been  used  with  older  children 
and  adults.'*  Yet,  interestingly,  current  debate  centers  on  the 
use  of  constant-pressure  ventilation  for  adults  and  constant- 
flow  ventilation  for  neonates. '  The  purpose  of  this  study  was  to 
describe  the  response  of  a  two-compartment  model  of  the  res- 
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Fig.  1.  This  figure  illustrates  the  process  ot  converting  a  graphic  model  of  the  lungs  to  an  equivalent  electronic  circuit.  The  electronic  circuit  is 
further  simplified  by  expressing  resistances  (R)  and  compliances  (C)  and  combinations  of  resistance  and  compliance  in  terms  of  impedances 
(Z).  P  =  pressure,  V  =  volume,  V  =  flow,  UA  =  upper  airway,  CW  =  chest  wall,  TR  =  transrespiratory,  L  =  lung. 


piratory  system  to  these  two  modes  of  inflation  to  lay  the  theo- 
retical foundation  for  interpreting  the  results  of  clinical  studies. 

Methods  and  Computational  Theory 

Figure  1  illusU-ates  the  basic  analytical  approach  that  we 
used.  It  shows  two  parallel  lung  units  that  could  represent 
whole  lungs  or  neighboring  alveoli.  Each  lung  unit  has  its  indi- 
vidual compliance  (Ci.  Ct)  connected,  in  series,  with  a  resis- 
tance (R|.  R:).  The  parallel  lung  units  are  connected  in  series 
with  a  pro.ximal  or  upper-airway  resistance  (Ru.^i).  which 
might  correspond  to  any  immediately  proximal  common 
branch  such  as  an  endoU"acheal  tube  or  an  alveolar  duct,  and  a 
chest-wall  compliance  (Ccw)  that  includes  the  compliance  of 
the  diaphragm.  Tlie  chest  wall  is  assumed  to  have  no  resis- 
tance; however,  this  assumption  has  no  practical  relevance  to 
our  model  because  Ccw  can  be  considered  as  part  of  a  larger 
resistance  that  includes  Rlia.  This  model  assumes  that  all  resis- 
tances and  compliances  remain  constant  throughout  the  inspi- 
ratory phase.  TTiis  assumption  is  probably  valid  as  long  as 
tidal  volumes  and  flows  are  normal  for  areas  near  the  alveolar 
level  where  turbulence,  which  could  cause  resistance  to  be 
nonlinear,  is  unlikely. 

Each  individual  compliance  and  resistance  has  its  own 
value  of  impedance:  however,  to  simplify  the  analysis,  the 
impedances  are  combined.  That  is,  we  can  define  two 
impedances  (Z|  and  Zi)  to  represent  the  two  parallel  lung  units 
and  a  third  (Z3)  to  account  for  Rua  combined  with  chest-wall 


compliance  (Rcw)-  Going  a  step  further,  we  can  combine  all 
into  one  equivalent  total  impedance  (Ztot)^"'  as  shown  in  the 
Appendix. 

Having  defined  the  model  in  terms  of  impedance,  we  can 
describe  the  factors  affecting  pressure  and  flow  throughout  the 
model  by  making  use  of  Ohm's  law'  in  the  form: 


P  =  VZ, 


[1] 


where  P  =  pressure  and  V  =  flow. 


We  will  also  make  use  of  the  fact  that,  by  definition,  two  paral- 
lel components  experience  the  same  pressure  drop  and  two  or 
more  series  components  share  the  same  flow."*  Thus,  the  model 
can  be  represented  by  the  following  set  of  equations: 

P(5)  =  WUS)  ■  Z,c,{S);  [2] 

Vi„,(5)=V|(5)  +  V:(.V):and  [3] 

V,(.5').Z|(.V)  =  V:(.9)Z;(.y):  |4] 

where  S  is  the  Laplace  operator,  which  is  a  complex  vari- 
able involving  the  square  root  V-1 , ' " 

Tlie  Laplace  transform  can  be  considered  as  generalization 
of  the  more  widely  used  Fourier  transform.  Botli  techniques 
are  known  to  facilitate  the  solution  of  nonlinear  systems  of 
equations.  A  transfonn  is  used  to  simplify  the  solution  of  a 
complex  mathematical  expression.  For  example,  logarithms 
are  a  lamiliiir  transform  that  allow  calculation  of  fractional 
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roots  or  powers  of  numbers  using  only  multiplication  and  divi- 
sion. The  Laplace  transform  is  widely  used  in  solving  differen- 
tial equations  (ie,  equations  that  contain  a  variable  and  its 
derivative  with  respect  to  time)  and  is  applicable  to  the  behav- 
ior of  the  respiratory  system  because  the  equation  of  motion 
that  represents  respiratory  system  behavior  contains  the  vol- 
ume variable  (ie.  V)  and  its  derivative  with  respect  to  time, 
tlow  (ie,  V).  The  Laplace  transform  allows  us  to  first  solve  the 
linearized  system  of  equations  in  the  i'-domain  (ie.  as  a  func- 
tion of  the  Laplace  operator,  S)  and  then  transform  the  solu- 
tions to  the  time-domain  (ie,  as  a  function  of  time)  by  using  the 
inverse  Laplace  transform.''' 

We  solved  Equations  2-4  for  individual  pressures,  vol- 
umes, and  flows  when  either  a  constant  inspiratory  pressure 
(ie,  CPI)  or  a  constant  inspiratory  flow  (ie.  CFI)  was  applied. 
Direct  and  inverse  Laplace  transforms''  were  used  to  derive  ex- 
pressions for  pressures,  volumes,  and  flows  in  the  time-do- 
main. Specifically,  we  wanted  to  express  the  ratio  of  tidal  vol- 
umes in  the  two  lung  units  as  a  function  of  time.  This  process  is 
used  to  expose  the  factors  responsible  for  nonuniform  distribu- 
tion of  tidal  volume,  indicated  by  V|A^2  "^  1-  Although  the 
mathematical  expressions  themselves  may  appear  complex, 
the  graphic  illustrations  facilitate  understanding  of  the  determi- 
nants and  interactions  among  the  key  variables  that  occur  as 
the  outcome  of  interest  is  produced.  We  tested  impedance  vari- 
ables that  simulate  unilateral  restrictive  and  obstructive  lung 
disease  (Table  1).  Twofold  differences  in  compliances  and/or 
resistances  were  used  for  the  diseased  lung  unit  in  our  model 
under  CPI  or  CFI.  More  extreme  differences  in  resistances  and 
compliances  affect  only  the  scale  of  the  response  and  not  the 
shape  because  the  analyses  and  speculations  are  based  on  the 
general  mathematical  forms  of  the  key  variables  of  the  lung 
model  (ie,  R\.  R^,  C],  Ci,  Ccw,  Rua.  AP  [change  in  pressure], 
and  AV  [change  in  volume). 

Constant-Pressure  Inflation  (CPI) 

During  pressure-controlled  ventilation  with  a  rectangular 
pressure  waveform,  the  transrespiratory  pressure  (Ptr  =  pres- 
sure at  the  airway  opening  -  pressure  at  the  body  surface)  stays 
constant  throughout  the  inspiratory  phase  (Fig.  2).  If  any  of  the 
compliances  decrease  or  any  of  the  resistances  increase,  the 
total  impedance  increases  and  total  flow  (and  tidal  volume)  de- 
creases (Eq.  1 ). 

Pis)  in  Equation  2  can  be  substituted  by  AP/5  where  AP  = 
PIP  -  PEEP  (positive  end-expiratory  pressure).  Solving 
Equations  2-4  for  total  and  compartmental  flows  first  in  the  S- 
domain  (ie,  flows  as  a  function  of  the  Laplace  operator,  S)  and 
then  transforming  these  results  to  the  time-domain  by  using  the 
inverse  Laplace  transforms,  yields  the  expression  of  total  flow 
( V,oi)  and  flows  into  the  two  lung  compartments  ( Vi  and  V2)  as 
functions  of  time  (Appendix,  Expressions  B1-B3).  Time  inte- 
gration of  the  flow  signals  gives  the  expressions  for  the  differ- 


Table  I .     Values  for  Input  Impedance  Variables  Used  in  Ihe  Illustration 
of  the  Restrictive  Model  and  the  Obstructive  Model 


Restrictivet  2 

Obstructive^         I 


0.1 
0.1 


0.05 
0.1 


Ccw 

0.2 
0.2 


♦Resistances  (Ri.  Ri,  Rl;a)  are  cm  HiO  ■  s  •  L';  compliances  (Ci.  C:.  Ccw)  are 

L/cm  H2O;  AP  =  20  cm  HjG;  and  AV  =  1  Us. 
tSee  Figures  2  &  3. 
tSee  Figures  4  &  5. 


ent  volumes  as  functions  of  time  (Appendix,  Expressions  B4- 
B6). 

Next,  pressures  across  the  various  compartments  of  our 
model  were  derived  by  multiplying  the  flow  by  the  corre- 
sponding impedance.  Thus,  the  pressure  drop  across  the  upper 
airway  is  derived  by  multiplying  the  total  flow  by  the  upper 
airway  resistance,  which  is  directly  proportional  to  the  total 
flow  generated  by  the  applied  constant  pressure  (Appendix, 
Expressions  B7-B8).  The  pressure  drop  across  the  chest-wall 
compartment  can  also  be  derived  by  multiplying  the  total  flow 
by  the  chest-wall  impedance  (Zcw)-  However,  Zcw  is  com- 
posed only  of  a  compliance,  which  makes  estimation  of  the 
pressure  drop  across  the  chest  wall  more  complicated 
(Appendix,  Expression  B9). 

Because  the  lung  units  are  arranged  in  parallel,  they  share 
the  same  pressure  drop.  This  pressure  can  be  expressed  in 
terms  of  either  lung  unit  and  is  derived  by  multiplying  the  flow 
going  into  one  of  the  model  lung  units  by  the  lung  impedance 
(Appendix,  Expression  BIO). 

Figure  2  illustrates  various  pressures,  volumes,  and  flows 
as  functions  of  time  for  two  lung  units  with  equal  resistances 
and  different  compliances  and  receiving  constant-pressure 
ventilation.  (See  Appendix,  Section  B,  for  mathematical  ex- 
pressions.) It  also  shows  that,  although  the  pressure  applied  by 
the  ventilator  remains  constant  throughout  inspiration,  the 
pressure  drop  across  the  lung  units  rises  exponentially  and  the 
volumes  approach  some  finite  upper  bounds  as  time  increases. 
Figure  3  illustrates  the  case  of  two  lung  units  with  equal  com- 
pliances and  different  resistances. 

Expressing  the  distribution  of  volume  between  the  two 
lung  units  as  a  ratio  ( Vi/Vi)  illustrates  that  volume  distribution 
is  independent  of  AP. 

Constant-Flow  Inflation  (CFI) 

During  constant-flow  inflation,  commonly  employed  dur- 
ing volume-controlled  ventilation,  the  flow  waveform  is  rect- 
angular. Because  directly  controlling  flow  with  the  ventilator 
indirectly  controls  volume,'  the  same  system  of  equations  (ie, 
Eqs.  2-4)  can  be  used  if  AV/5  is  substimted  for  Vtot,  where  AV 
is  the  inspiratory  flow  setting  on  the  ventilator.  Solving  for 
total  and  compartmental  flows  fu-st  in  the  5-domain  (ie,  flows 
as  function  of  the  Laplace  operator)  and  then  transforming 
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transrespiratory 


transrespiratory 
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unit1 
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Fig.  2.  Pressures,  volumes,  and  flows  for  a  two-compartment  model 
with  equal  resistances  but  unequal  compliances  during  constant- 
pressure  ventilation  (ie,  a  step  input  with  AP  =  20  cm  HjO).  Values  for 
model  variables  are  resistance  =  R,  =  Rj  =  Ry^  =  2  cm  H2O  ■  s  ■  L ', 
compliance  =  Ci  =  0.1  Ucm  H2O,  C2  =  0.05  Ucm  H2O,  Ccw  =  0.2 
Ucm  H2O. 


Fig.  3.  Pressures,  volumes,  and  flows  for  a  two-compartment  model 
with  equal  resistances  but  unequal  compliances  during  constant- 
flow  ventilation  (le,  a  step  input  with  AV  =  1 .0  Us).  Values  for  model 
variables  are  resistance  =  R,  =  R2  =  Rua  =  2  cm  H2O  ■  s  •  L ',  com- 
pliance =  Ci  =  0.1  Ucm  H2O,  C2  =  0.05  Ucm  H2O,  Cow  =  0.2  Ucm 
H2O, 


these  results  to  the  time-domain  by  using  the  inverse  Laplace 
transform  yields  the  expressions  representing  the  flows  into 
the  individual  lung  compartments  (Appendix,  Expressions  Cl- 
C2).  By  integrating  the  flow  signals  over  time,  lung  volumes 
can  be  derived  and  compared  (Appendix,  Expressions  C3-C5). 

The  pressure  drop  across  the  upper  airways  is  constant  (in- 
dependent of  time)  and  is  expressed  as  the  product  of  the 
upper- airway  resistance  and  the  applied  step  flow  (Appendix, 
Expression  C6),  whereas  the  pressure  drop  across  the  chest 
wall  is  a  line;ir  function  of  time  (Appendix,  Expression  C7) 
and  the  pressure  drop  across  the  lung  units  is  a  sum  of  a  linear 
and  an  exponential  function.  Triuisrespiratory  pressure  is  the 
sum  of  PuA.  Pew.  and  lung  pressure  (Pl,  Appendix. 
Expression  C9.) 

Figure  4  illusU^ates  the  various  pressures,  volumes,  and 
flows  as  functions  of  time  for  two  lung  units  with  equal  resis- 
tances and  different  compli;inces  receiving  constiint-flow  infla- 
tion. Note  that  as  time  increases,  the  volumes  increase  without 
hound,  whereas  the  sum  of  V|(l)  and  V2(t)  equals  AV  for  all 
values  of  inspiratory  time  (t).  Figure  ."i  illusU-ates  the  ca.se  of  two 
lung  units  with  equal  coinpliances  and  different  resistances. 

If  any  of  the  compliances  decrease  or  any  of  the  resistances 
increase,  the  total  impedance  increases  and  the  peak  inspirato- 
ry pressure  (PIP)  increa,ses.  Just  as  the  pressure  settings  on  the 


ventilator  do  not  affect  the  distribution  of  volume  during  pres- 
sure-controlled ventilation,  the  inspiratory  flowrate  setting. 
AV,  does  not  affect  the  distribution  of  tidal  volume. 
V|(t)A'2(t),  during  flow-controlled  ventilation  assuming  that 
the  lung's  mechanical  properties  remain  constant. 

Results 

The  results  of  this  model  study,  which  are  applicable  only 
for  rectangular-flow  and  rectangular-pressure  wavefomis,  in- 
dicate that  the  distribution  of  tidal  volume,  and  thus  ventila- 
tion, between  parallel  lung  units  is  a  function  of  the  resis- 
tances, compliances,  and  time  constants,  not  simply  of  time 
constants  alone.  In  a  lung  with  only  two  compartments,  it  fol- 
lows that  there  are  three  possible  combinations  of  impedances 
and  time  constants. 

Lung  Units  with  Identical  Impedances  and 
Time  Contants 

For  impedances  between  two  lung  units  to  be  equal,  their 
time  constants  must  also  be  equal.  Under  this  condition,  both 
CFI  and  CPI  result  in  a  constant  ratio  ot  the  Nokimes  of  the 
lung  units  as  well  as  flows  (Fig.  6A): 
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V,(t)A'2(t)=' 


15] 


which  implies  that  tidal  volume  is  uniformly  distributed  to  the 
lung  units  and  distribution  is  independent  of  inspiratory  time 
with  both  modes  of  ventilation.  A  recent  study  by  Valentine  et 
al'"  conducted  on  humans  with  healthy  lungs  confirms  our 
finding.  They  reported  that  both  constant-flow  synchronous 
intemiittent  mandatoi^  ventilation  (ie.  CFI)  and  pressure-sup- 
port ventilation  (ie,  CPI)  modes  result  in  similar  ventilation 
and  perfusion. 

Lung  Units  with  Different  Impedances  but 
Equal  Time  Constants 

For  this  condition,  both  CPI  and  CFI  result  in  gas  flow  and  vol- 
ume distribution  between  the  lung  units  that  is  govemed  by 


ViA'^  =  C|/C.  =  R|/R. 


[6] 


TTiis  expression  means  that  volume  is  distributed  in  a  similar 
fashion  with  constant-pressure  and  constant-flow  inflation  and 
distribution  is  only  dependent  on  either  the  relative  compli- 
ances or  resistances  of  the  lung  units  (ie,  the  lung  unit  with  the 
higher  compliance  is  necessarily  the  one  with  the  lower  resis- 


tance and  receives  more  flow  and  more  volume).  As  in  the  pre- 
vious case,  the  distribution  of  volume  (and  thus  flow)  is  inde- 
pendent of  inspiratory  time  for  both  modes  of  ventilation  (Fig. 
6B). 

Lung  Units  with  Different  Impedances  and 
Time  Constants 

This  is  the  most  general  ca.se,  where  the  distribution  of  gas 
flow  and  volume  between  the  two  lung  units  is  a  function  of 
time.  At  the  beginning  of  inspiration  (ie,  t  =  0*),  the  volume 
ratio  is  approximated  by 


V|(0-^)A':(0*)  =  R:/Ri 


171 


Hence,  both  constant-pressure  inflation  and  constant-flow 
inflation  result  in  the  same  initial  volume  of  gas  to  the  two  lung 
units — the  volumes  of  gas  are  determined  solely  by  the  resis- 
tances because  at  the  start  of  inspiration,  the  compliances  have 
not  had  time  to  accumulate  volume  and  hence  do  not  exhibit 
pressure  drops  (in  electronic  terminology,  they  appeal'  as  short 
circuits).  However,  as  inspiration  progresses,  the  distribution 
of  gas  flow  and  volume  between  the  lung  units  changes  expo- 
nentially, approaching  the  steady-state  values  asymptotically 


transrospiratory 


total 
unit  1 


Fig.  4.  Pressures,  volumes,  and  flows  for  a  two-compartment  model 
with  equal  compliances  but  unequal  resistances  during  constant- 
pressure  ventilation  (ie,  a  step  input  with  AP  =  20  cm  H2O).  Values 
for  model  variables  are  compliance  =  Ci  =  C2  =  0.1  L/cm  H2O,  Ccw 
=  0.2L/cmH2O,  R,  =  1  cm  H2O  •  s  •  L',  R2  =  3cm  H2O  s  ■  L',  Rua 
=  2cmH20sL-\ 


Fig.  5.  Pressures,  volumes,  and  flows  for  a  two-compartment  model 
with  equal  compliances  but  unequal  resistances  during  constant- 
flow  ventilation  (ie,  a  step  input  with  AV  =  1 .0  Us).  Values  for  model 
variables  are  compliance  =  Ci  =  C2  =  0.1  L/cm  H2O.  Ccw  =  0.2 
LVcm  HjO.  Ri  =  1  cm  H2O  •  s  •  L',  R2  =  3cm  H2O  •  s-  U\  Rua  =  2 
cm  H2O  •  s  •  L'. 
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Fig.  6.  The  effect  of  pulmonary  mechanics  on  the  time  course  of  inflation  of  different  functional  units  of  the  lung  when  subjected  to  constant- 
pressure  inflation  (CPI)  or  constant-flow  inflation  (CFI).  The  first  two  columns  of  graphs  represent  the  volume  changes  of  one  lung  unit  (solid 
line)  and  the  other  lung  unit  (dashed  line)  as  functions  of  time.  The  last  column  shows  time  course  of  the  ratio  of  the  volume  in  one  lung  unit 
versus  the  other  (V1A/2).  The  thin  solid  curves  represent  constant-pressure  inflation  and  the  thick  solid  curves  represent  constant-flow  infla- 
tion. C  =  compliance  =  0.1  Ucm  H2O.  R  =  resistance  =  2  cm  H2O  •  s  •  L"',  t  =  time  constant  =  R  ■  C. 


(Fig.  6  C  &  D).  The  steady-state  values  of  volume  ratios  (ie,  as 
time  |t]  approaches  infinity,  0°)  with  both  constant-pressure 
and  constant- How  ventilation  are 


V|(t^~)A':(i^oo)  =  C|/C2 


[8] 


Although  the  volume  ratio  at  beginning  of  inspiration  and 
at  steady  state  is  identical  with  both  modes  of  inflation  (ie,  CPI 
and  CFI).  it  is  the  time  course  of  the  volume  ratio  during  inspi- 
ration and  the  time  needed  to  reach  steady-stale  values  that  aie 
different  with  CPI  and  CI-1. 

The  difference  in  time  constants  of  the  lung  units  can  be 
caused  by  a  change  in  compliances  or  resistances  or  both.  Of 
special  interest  are  the  ca.ses  when  either  compliances  or  resis- 


tances change.  These  two  cases  encompass  a  wide  range  of 
respiratory  di.seases  and  merit  some  discussion. 

The  Case  Where  R,  ;^  R.  and  C,  =  C2 

When  the  difference  in  impeilances  and  time  constants  is 
due  only  to  a  difference  in  lung-unit  resistances,  both  modes 
of  ventilation  result  in  the  same  initial  gas  volume  distribu- 
tion between  the  two  lung  units  during  eiuly  inspiration. 
I  lowever,  as  inspiratory  time  increases,  the  volume  ratio  dur- 
ing CPI  approaches  unity — ie.  V|(t)/V2(t)  approaches  1 — al 
a  faster  rate  than  during  CFI,  and  thus  CPI  results  in  a  more 
uiiilorm  distribution  of  tidal  volume  between  the  two  hing 
units.  As  mentioned  earlier,  at  steady  state,  the  volume  latio 
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with  both  CPI  and  CFI  reaches  the  same  value;  however, 
with  CPI  the  volume  ratio  reaches  its  steady-state  value  at  a 
much  shorter  inspiratoiy  time  than  with  CFI.  For  both  CPI 
and  CFI,  a  shorter  inspiratoi-y  time  results  in  less  unifomi  dis- 
tribution of  flow  and  volume  between  lung  units.  Thus,  pa- 
tients with  nonuniform  distribution  of  airway  resistance  but 
normal  lung  compliance  (eg,  asthma,  bronchiolitis,  tumors, 
foreign-body  obstruction)  may  have  better  gas  exchange  and 
distribution  of  tidal  volume  with  relatively  longer  inspiratory 
and  expiratory  times.  However,  longer  inspiratory  times  may 
lead  to  alveolar  gas  trapping  (ie,  auto-PEEP).  Boysen  and 
McGough''  studied  the  response  of  a  mechanical  two-com- 
partment model  with  unequal  resistances  and  equal  compli- 
ances using  constant-pressure  ventilation.  They  found  that  as 
inspiratory  time  is  prolonged  to  match  the  time  constant  of 
the  slow-tilling  compiutment.  gas  is  distributed  uniformly  to 
both  compartments.  When  the  system  was  ventilated  with  a 
short  inspiratory  time  and  rapid  rates,  ventilation  became 
more  nonuniform,  as  predicted  by  our  results. 

In  summary,  the  volume  ratios  in  Figure  6C  indicate  that 
CPI  results  in  more  uniform  distribution  of  tidal  volume  be- 
tween the  two  lung  units  for  all  inspiratory  times  because  at 
all  t  =  0*  the  curve  of  the  volume  ratio  for  CPI  is  closer  to  1 
than  is  the  curve  of  the  volume  ratio  for  CFI.  Therefore,  pa- 
tients with  the  aforementioned  disorders  might  be  more  effi- 
ciently ventilated  using  constant  pressure  rather  than  con- 
stant flow.  Furthermore,  we  speculate  that  for  the  same  tidal 
volume,  constant-pressure  ventilation  may  result  in  lower 
risk  of  barotrauma. 


in  greater  risk  of  barotrauma  than  constant-flow  ventilation 
due  to  the  relatively  greater  distention  of  the  more  compliant 
lung  unit. 

The  Case  Where  Ri  ^  R2  and  Ci  /  C2 

In  the  case  where  both  resistance  and  compliance  are 
different  between  two  lung  units  (Fig.  6E),  the  mechanical 
properties  of  the  lung  are  determined  by  the  variable  that  is 
most  different.  That  is,  either  the  lung  behaves  more  like  the 
example  in  which  Ri  =  R:  and  Ci  ^  C;  or  like  the  example  in 
which  Ri  7i  Rt  and  Ci  =  C2. 

Factors  such  as  PIP  and  peak  inspiratory  flow  do  not  af- 
fect the  distribution  of  ventilation.  Moreover,  for  unequal 
time  constants,  inspiratory  time  has  a  variable  effect  on  gas 
distribution,  depending  on  the  relative  values  of  lung-unit  re- 
sistance and  compliance.  For  either  mode  of  ventilation,  if 
the  compliances  of  both  lung  units  are  different  and  the  resis- 
tances are  the  same,  then  a  shorter  inspiratory  time  results  in 
a  more  uniform  distribution  of  flow  and  tidal  volume  be- 
tween the  lung  units  (ie,  a  volume  ratio  closer  to  1  as  shown 
in  Fig.  6D).  Thus,  for  example,  patients  with  unilateral  lung 
disease  (eg,  unilateral  pneumonia,  contusion,  or  pulmonary 
edema)  might  have  better  gas  exchange  with  shorter  inspira- 
tory times.  Kahn  et  al"  reported  that  patients  with  unilateral 
lung  disease  showed  improved  gas  exchange  when  switched 
from  conventional  to  high-frequency  ventilation.  The  im- 
provement may  have  been  related  to  the  reduction  in  tj  neces- 
sitated by  HFV. 


The  Case  Where  R,  =  R2  and  Ci  ^  C2 

As  for  the  previous  case,  both  modes  of  inflation  result  in 
the  same  initial  volume  distribution  between  the  two  lung 
units.  However,  in  this  case,  in  which  the  difference  in 
impedance  and  time  constants  is  due  only  to  a  difference  in 
lung-unit  compliances,  it  is  constant-flow  inflation  that  re- 
sults in  more  uniform  distribution  of  the  tidal  volume  be- 
tween the  lung  units  as  indicated  by  the  volume  ratio  in 
Figure  6D,  which  shows  that  volume  is  more  uniformly  dis- 
tributed with  CFI  than  with  CPI.  For  example,  when  the  time 
constants  are  different  because  localized  parenchymal  dis- 
ease affects  regional  compliance,  CPI  results  in  a  less  uni- 
form distribution  of  gas  flow  between  lung  units  than  CFI  be- 
cause the  lung  unit  with  the  greater  compliance  receives  a 
larger  portion  of  the  gas  flow  and  volume.  If  both  units  have 
the  same  distribution  of  blood  flow,  ventilation-pert'usion 
mismatching  is  accentuated. 

Thus,  we  .speculate  that  constant-pressure  ventilation 
may  lead  to  less  efficient  gas  exchange  than  constant-flow 
ventilation  (other  factors  affecting  gas  exchange  being 
equal).  A  second  speculation  follows  from  the  first:  For  the 
same  tidal  volume,  constant-pressure  ventilation  may  result 


Discussion 

Our  analysis  expands  on  the  work  of  Nunn,'-  who  specu- 
lated that  the  volume  distribution  for  the  two  lung  units 
would  be  fundamentally  similar  with  CPI  or  CFI.  However, 
his  conclusions  with  constant-pressure  ventilation  were 
based  only  on  the  time  representation  of  the  lung  volumes 
rather  than  their  ratio,  as  in  our  analysis,  which  we  believe  is 
more  informative. 

Finally,  some  authors''''""  have  implied  that  an  observed 
increase  in  PIP  during  constant-flow  ventilation  indicates  an 
increased  risk  of  pulmonary  barotrauma.  This  may  be  a  mis- 
conception. Aside  from  the  fact  that  it  is  volumetric  expan- 
sion rather  than  increased  pressure  alone  that  causes  mechan- 
ical lung  damage,"'  -"  increased  PIP  without  increased  risk  of 
overexpansion  may  occur  when 

1 .  both  C|  and  Cj  decrease  an  equal  amount; 

2.  both  R I  and  Rt  increase  an  equal  amount; 

3.  compliance  of  the  chest  wall  and/or  diaphragm  de- 
creases (eg,  increase  in  muscle  tone  due  to  removal  of 
paralysis,  subcutaneous  emphysema,  or  compression 
of  diaphragm  by  abdominal  contents); 
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4.  upper-airway  resistance  increases  (eg,  endnirachcai 
tube  obstruction):  or 

5.  expiratory'  force  is  applied  by  the  patient's  ventilatory 
muscles. 

During  constant-flow  inflation,  an  increase  in  the  resis- 
tance and/or  a  decrease  in  the  compliance  of  one  lung  unit 
may  lead  to  an  increase  in  volume  delivered  to  the  other  lung 
unit  and  an  increase  in  PIP.  In  that  case,  an  increase  in  PIP 
may  correspond  to  an  increased  risk  of  barotrauma  if  one 
lung  is  overexpanded.  However,  Conditions  1-4  described 
above  contradict  the  conclusion  that  an  increase  in  PIP  is  in 
itself  a  cause  of  lung  overexpansion. 

Of  course,  we  must  bear  in  mind  the  limitations  of  any 
model  study.  Even  a  two-compartment  model  is  a  gross 
oversimplification  of  the  respiratory  system.  It  does  not  take 
into  account  the  compliance  of  the  airways  and  inertness,  the 
dependence  between  lung  regions  mediated  through  lung 
parenchyma  and  chest  wall,  or  any  nonlinear  behavior  of  re- 
sistance or  compliance.  Although  the  chest-wall  resistance  is 
not  included  in  the  model,  this  omission  has  no  practical  rele- 
vance because  chest-wall  resistance  can  be  considered  as  a 
common  resistance  together  with  airway  resistance. 

Our  analysis  is  limited  in  several  ways,  and  its  applicabil- 
ity to  actual  mechanical  ventilation  is  uncertain  because  ( 1 )  a 
continuous  rectangular-wave  cycling  function  rather  than  a 
step  change  may  lead  to  different  results,  particularly  if  auto- 
PEEP  is  considered;-'  (2)  the  relevant  properties  of  real  res- 
piratory systems  that  could  be  used  at  the  bedside  to  guide 
the  choices  of  ventilatory  mode  are  not,  at  present,  able  to  be 
determined;  and  (3)  the  distributions  of  ventilation  and  perfu- 
sion, not  just  ventilation,  are  the  important  detemiinants  of 
gas  exchange.  Nevertheless,  our  analysis  should  provide  a 
basis  for  generalizations  about  the  potential  for  barotrauma 
and  a  theoretical  foundation  for  clinical  studies. 
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A.  Derivation  of  the  model  equivalent  total  impedance. 

Each  of  the  three  impedances  (Z)  in  Figure  ID  has  the  fonn  of: 


Zi  =  Ri  + 


sCi 


=     '  I    =  1,  2,  3 

sQ 


where  Ti  =  Rj  X  Cj  =  time  constant. 

Ru^  and  C^y,  in  Figure  1  are  henceforth  referred  to  as  Rj  and  C3 
The  equivalent  total  impedance  is  (6,  8): 
Ztot  =  (Z,IIZ2)  +  Z3 

_  Zi  X  Z;    ^  ^         S^Ai  +  SA;  +  A3 

"  Z,  +  Z2     ^         s^Aj  +  sAj 

where  A]  -  A5  ape  constants  and  "s"  is  the  LaPlace  operator: 

A,  =T2T3Ci+t,t3C2  +  Tit2C3 

A2  =  (t2  +  ts)  Ci  +  (t,  +  T3)  C2  +  (Ti  +  X2)  C3 
A3=C,+C2  +  C3 
A4=C3(t,C2  +  T2C,) 
A5=C3(C,+C2) 

B.  Constant  Pressure  Inspiration. 

F.ypressions  of  flow  signals  a  function  of  time: 

Vtoi<0=   ^(K,e'"  +  K2e^') 
V,(,)=£Lg^(K3e^'.K,e^') 
V2(t)=^ig^{K5e^".K^^') 
F.rpressions  of  volume  signals  as  function  of  time: 


[Al] 


[A21 

[A3] 
[A4] 
[A5J 
1A61 
[A7] 


[Bl] 
[B2] 
[B3] 

[B4] 


V,(,)=  £lS2^^(c^>'.0  +  £l^^^(e^'-l)        [B5] 
'  Ajs,      V  ;       A1S2      ^  ' 

V2Ct)=^35g^(e--0^^^(e--.)        1B6] 


Expressions  of  pressnre  sipials  as  function  of  time: 
PuA(t)=  Vltn<t)x  R3 


PuA(t)=   ^(K,e'"  +  K2e'^') 


Pew  ft)  = 


A?     [K, 


f^(.l.e'").^(-l.e^': 
[  Si  S2 

PL(»=%^(K7  +  K8e'"  +  K,e^') 


J-K9  are  constants. 

Ki  = 

A4S,  +  A5 

S1-S2 

K2  = 

A4S2  +  A5 

S2-S1 

K3  = 

1+S,T2 
S1-S2 

Im  = 

I+S2T2 
Sj-S, 

K5  = 

1+S,T, 

S1-S2 

K6  = 

1+S2t, 

S2-S1 

^        TiT2S?4-(Ti+T2)Si-t-l 
'  S,(S, -S2) 


K, 


tl^2s!+(tl+l2)S2+l 
S2{S2-S,) 


_  -A2±i/A2-4AiA3 


[B71 

[B8] 
[B9] 

[BIO] 


[Bll] 
[BI2] 
[B13] 
[B14] 
[B15] 
[B161 
[B17] 

[B18] 
[B19] 
[B20] 
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C.  Constant  Flow  Inspiration. 

Expressions  of  flow  sipiaU  as  fnncrion  of  rime: 


vhere  Dj-D,  are  constants. 


V2(I): 


C, +C2       \Ri+R2      C,+C2j 
C2AV        (   R,AV         C2AV   ]    -»t), 


C, +C2       ^Ri+Rj       C1  +  C2 


Expressions  of  volume  .signals  as  function  of  rime: 
Vtot(0=      AV  X  t 


v.»-(^)-.^-^  (■*-.) 


V2(t)  = 


CjAV 


R,4V  CiAV    \,     I, 


Expressions  of  pressure  sipials  as  function  of  rime: 


PuA«  =  R3  xAV 


PL(t)  =  AV{D5  +  Dst  +  D7e   °') 

Pra(t)  =  Av|(R3  +  D5)  +  [D6  +  J-jt  +  D,e-'*'l 


t,C2+T2C, 
'           C,+C2 

ICl] 

D2=       'f'^" 
T1C2  +  T2C, 

[C2| 

^^3=% 

I^-'     -    % 

[C3] 

p     _T,C,+T2C2 
(C.+CJ^ 

IC41 

D              • 

^o      C,+C2 

[C5\ 

p,_           -CA(T,-T2f 

(C,X2  +  C2T,)(C,+C2)^ 

[C6J 
[C7| 

[C8] 
[C9] 


[CIO] 

[Cll] 

[CI2] 
[CI  3] 
[C14] 
[CI  5] 
[C16] 
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Retrospectroscope  Redux: 


"The  Courage  to  Fail" 


lULIUS  H.  COMROE,  )R. 


1  recently  read  a  book.  The  Courage  to  Fail,  written  by 
two  sociologists  with  a  considerable  interest  in  medicine.' 
In  one  section  they  analyzed  the  character  of  the  "trans- 
plant surgeon."  They  interviewed  a  number  of  surgeons 
dedicated  to  transplanting  human  organs  (the  "trans- 
planters"), who  emphasized  how  important  it  is  to  have 
what  they  term  courage  and  particularly  the  courage  to 
fail.  This  sent  me  to  several  dictionaries  to  find  some  defi- 
nitions of  courage.  The  search  didn't  help  much.  I  got  in- 
volved in  similarities  and  differences  between  "coura- 
geous" and  "fearless,"  "brave,"  "bold,"  "daring,"  "auda- 
cious," and  "intrepid,"  and  finally  decided  that  there  is  no 
single  definition  but  that  courage  comes  in  different  sizes, 
each  with  its  own  definition. 

Courage,  Size  1.  This,  the  largest  size,  means  to  me 
that  the  person  voluntarily  involves  himself  in  an  action 
(or  sometimes  inaction)  that  places  himself  in  grave  peril 
such  as  loss  of  life,  liberty,  or  pursuit  of  happiness. 
Courage,  Size  1,  by  my  definition,  also  bars  as  a  motive 
any  possible  gain,  material  or  otherwise,  to  the  individual 
should  he  fail  or  succeed,  and  postulates  that,  if  he  suc- 
ceeds, he  wants  the  gain  to  be  for  someone  else. 
Unintended  gain  during  life  or  posthumous  recognition 
does  not  diminish  the  magnitude  of  Courage,  Size  1. 

Good  examples  of  Courage,  Size  1,  in  this  century  were 
the  volunteers  who  allowed  mosquitoes  to  bite  them  re- 
peatedly, after  the  insects  had  recently  feasted  on  the  blood 
of  patients  with  yellow  fever.  Yellow  fever  had  killed  10 
per  cent  of  the  population  of  Philadelphia  in  1793,  killed 
7,000  persons  in  New  Orleans  in  1853,  and  in  1878  hit 
74,000  Americans,  of  whom  15,932  died.  It  also  aborted 
the  first  attempt,  by  de  Lesseps,  to  build  the  Panama  Canal 
in  the  late  1800s. 

In  1900  there  was  an  epidemic  of  yellow  fever  among 
the  U.S.  Army  troops  stationed  in  Havana  after  the 
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Spanish-American  War.  Because  no  one  knew  the  cause  of 
the  disease  or  how  it  spread,  the  Secretary  of  War  appoint- 
ed a  4-man  board  on  May  24,  1900,  to  "pursue  scientific 
investigations  with  reference  to  the  infectious  diseases 
prevalent  on  the  island  of  Cuba."  The  four  men  were 
Major  Walter  Reed  and  Acting  Assistant  Surgeons  James 
Carroll,  Aristides  Agramonte,  and  Jesse  Lazear.- 

They  decided  to  tackle  first  the  proposal,  made  by 
Charles  Finlay  of  Havana  15  years  earlier  but  largely  ig- 
nored, that  mosquitoes  carried  the  disease  from  man  to 
man.'  The  Army  team  hatched  mosquitoes  from  eggs,  in- 
duced the  insects  to  bite  patients  with  known  yellow  fever, 
and  then  maintained  colonies  of  presumably  infected 
mosquitoes  for  future  experiments.  Some  of  these  bit 
Carroll,  Lazear,  and  Private  William  Dean  (a  volunteer); 
all  three  contracted  yellow  fever.  Carroll  and  Dean  made 
uneventful  recoveries;  Jesse  Lazear,  however,  died.  Final 
proof  that  yellow  fever  was  transmitted  only  by  the  bite  of 
an  infected  mosquito  came  when  three  additional  volun- 
teers, never  exposed  to  Cuban  mosquitoes,  slept  for  20 
nights  in  a  room  free  of  mosquitoes,  but  filled  with  mat- 
tresses, pillows,  towels,  sheets,  underwear,  pajamas,  and 
blankets  soiled  with  blood  and  a  variety  of  discharges  from 
patients  with  known  yellow  fever;  none  became  sick. 
Eradication  of  mosquitoes  eliminated  yellow  fever  (and 
malaria)  from  Cuba  and  Central  America  and  a  few  years 
later  permitted  the  building  of  the  Panama  Canal. 

The  volunteers'  reward?  James  Carroll  died  of  my- 
ocarditis in  1907;  his  widow  and  Jesse  Lazear' s  widow 
each  received  $125  per  month  appropriated  year  by  year  in 
the  Army  appropriation  bill-;  several  other  volunteers  re- 
ceived a  donation  of  $  1 00. 

Carroll,  Lazear,  and  Dean  fit  my  definition  of  Courage, 
Size  I:  All  were  volunteers;  all  endangered  their  own 
lives;  none  received  any  personal  gain;  others  benefited 
immeasurably. 

Another  who  deserved  the  Courage,  Size  1,  medal  was 
Werner  Forssmann.  who  introduced  a  catheter  into  his 
own  right  atrium  in  1929,  not  knowing  whether  the  tip 
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might  cause  ventricular  fibrillation,  but  hoping  that  the 
procedure  might  eventually  be  useful  in  diagnosing  or 
treating  certain  disorders.  He  received  no  acclaim,  fame,  or 
reward  in  his  own  country,  although  very  much  later,  in 
1956,  the  Nobel  Prize  Committee  recognized  his  courage. 

Courage,  Size  2.  Size  2  (by  my  definition)  differs  from 
Size  1  in  that  the  investigator  (the  recipient  of  our  medal) 
is  not  the  subject  who  takes  the  risk  (as  was  the  case  with 
Lazear  and  Forssmann);  in  initial  experiments  the  subject 
is  usually  a  close  member  of  his  family,  even  one  of  his 
children  when  the  experimental  design  precludes  the  use 
of  an  adult.  One  who  fits  this  definition  is  Lady  Montagu, 
who,  after  surviving  an  attack  of  smallpox,  had  her  chil- 
dren inoculated  with  pus  from  patients  suffering  from  viru- 
lent smallpox;  this  was  in  the  early  1700s,  long  before 
Jenner  thought  of  using  cowpox,  instead  of  smallpox  itself, 
to  confer  immunity.  Another  is  Edward  Jenner  himself, 
who  was  so  convinced  from  his  careful  observations  that 
the  mild  disease,  cowpox,  provided  lasting  immunity 
against  the  deadly  disease,  smallpox,  that  he  vaccinated  his 
first  son  Edward,  and  then  proved  that  the  child  was  im- 
mune to  smallpox  by  injecting  into  him  pus  from  smallpox 
patients  on  five  or  six  different  occasions.  He  also  vacci- 
nated his  second  son,  Robert,  when  the  boy  was  only 
eleven  months  old.  Jenner" s  discovery  received  a  cool  re- 
ception from  London  physicians  but  an  enthusiastic  one 
from  Professor  Benjamin  Waterhouse  in  Boston,  who 
promptly  vaccinated  his  own  children  and  then  notified 
then-Vice  President  Thomas  Jefferson,  who  in  turn  vacci- 
nated his  whole  household  of  60.  It  was  not  long  thereafter 
that  vaccinated  persons  numbered  millions  instead  of  hun- 
dreds. 

Courage,  Size  3.  This  is  similar  to  Size  1  in  that  the  in- 
dividual puts  his  own  life  at  risk  instead  of  that  of  another 
(as  in  Size  2).  the  risk  is  a  grim  one.  and  considerable  ben- 
efits to  mankind  would  surely  accrue  if  his  mission  should 
be  successful.  It  ranks  below  Sizes  1  and  2  because  his  act 
is  motivated  by  assured  fame  and  fortune  if  he  succeeds.  I 
have  not  found  an  instance  of  Size  3  Courage  in  medicine 
so  I  turn  to  aviation  for  my  example. 

A  Courage,  Size  3  medal  goes  to  Charles  Lindbergh, 
who  in  1927  flew  solo  across  the  Atlantic  Ocean  in  a  single 
engine  plane  and  in  so  doing  convinced  many  of  the  public 
that  the  airplane  might  well  become  a  safe  form  of  travel. 
Why  only  a  Size  3  medal  for  Lindbergh  instead  of  Size  I? 
After  all,  he  did  risk  his  own  life  and  not  that  of  another, 
and  the  risk  was  not  an  insignificant  one;  between  1927 
and  1930,  only  10  of  31  transatlantic  flights  succeeded  and 
16  men  and  three  women  died  in  the  21  failures. 

Size  3  because,  though  he  had  everything  to  lose  if  he 
failed,  he  had  everything  to  gain  if  he  won.  The  flight  was 
not  made  on  an  impulse.  A  number  of  pilots  and  their 
planes  were  lined  up  in  the  1927  transatlantic  derby  with 


the  $25,000  Raymond  Orteig  prize  for  the  first  to  make  the 
nonstop  crossing;  in  addition,  there  was  bound  to  be  a 
hero's  welcome  abroad  and  at  home  and  as  much  fame, 
honors,  medals,  and  riches  as  the  winner  wanted. 

Courage,  Size  4.  Size  4  medals  go  to  patients  who,  in- 
formed by  specialists  that  they  have  advanced  disease  and 
statistically  have  only  weeks,  months,  or  a  year  to  live, 
elect  to  undergo  a  previously  untested  operation  or  other 
form  of  therapy  (or  even  one  that  has  failed  repeatedly).  It 
might  benefit  them  or  might  lead  to  earlier  death;  neither 
the  physician  nor  the  patient  can  know  which  because  ( I ) 
though  the  mortality  rates  for  conservative  treatment  are 
reasonably  correct  for  a  thousand  patients,  they  are  not 
precise  for  any  individual,  and  (2)  there  are  no  data  on  life 
or  death  following  the  new  procedure. 

One  who  gets  a  Size  4  award  was  the  first  patient  (a  33- 
year-old  man,  name  or  initials  not  reported)  to  have  a  bilat- 
eral sympathectomy*  to  lower  his  very  high  arterial  blood 
pressure  in  1925,  in  an  era  when  hypertension  was  consid- 
ered to  be  compensatory  and  essential  to  drive  sufficient 
blood  through  naiTowed  renal  vessels  to  maintain  life.  The 
operation  by  Dr  AW  Adson  was  successful  and  opened  the 
door  to  active  surgical  and  then  medical  treatment  of  ma- 
lignant and  essential  hypertension. 

Another  is  Dr  James  Gilmore,  who  in  1933  was  the  first 
patient  to  have  one  whole  lung  removed  surgically  at  a  sin- 
gle operation.^  He  was  48  years  old  and  had  a  squamous- 
cell  carcinoma  of  his  left  upper  lobe  bronchus,  very  close 
to  the  bifurcation  of  the  main  bronchus.  His  surgeon  was 
Evarts  Graham.  When  Graham,  on  the  basis  of  bron- 
choscopy and  biopsy,  was  certain  that  the  tumor  was  ma- 
lignant, he  told  Gilmore  and  described  the  operation  he 
planned  to  do,  Gilmore  asked  to  go  home  for  a  few  days  to 
arrange  his  affairs.  In  those  few  days,  he  quite  naturally 
bought  a  cemetery  lot,  but,  to  Graham's  amazement  and 
delight,  Gilmore  also  paid  a  visit  to  his  dentist  to  fill  some 
cavities  that  had  been  bothering  him!  Graham  said,  in 
1957.  "The  visit  to  the  dentist  by  this  patient  gave  me  great 
assurance!"''  The  pneumonectomy  went  well  and  the  pa- 
tient lived  until  1963.  when  he  died  at  age  78  of  cardiore- 
nal  disease.  He  outlived  his  surgeon  by  6  years;  Graham 
died  of  inoperable  cancer  of  the  lung  in  1957.'' 

Others  with  Courage,  Size  4  were  the  first  patient  to  re- 
ceive Prontosil*  (Hildegarde  Domagk,  the  daughter  of  its 
discoverer),  the  family  of  the  first  patient  to  receive  insulin 
(the  patient  was  in  a  coma),  the  first  to  receive  penicillin, 
and  the  family  of  the  first  "blue  baby"  operated  upon  by 
Blalock. 

Courage  Sizes  1  to  4  for  surgeons?  Many  have  said 
that  cardiac  surgery  eventually  succeeded  only  because 
some  pioneers  had  the  "courage  to  fail."  One  such  pioneer 
was  Ludwig  Rehn.  a  German  surgeon.  Billroth,  the 
Geheimrat  of  European  surgery,  had  stated  flatly  in  1883: 
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"A  surgeon  who  tries  to  suture  a  heart  wound  deserves  to 
lose  the  esteem  of  his  colleagues."  And  in  the  face  of  this 
edict,  it  undoubtedly  took  courage  on  the  part  of  Rehn. 
who,  in  1896.  did  indeed  try  to  suture  a  stab  wound  1.3  cm 
long  in  the  right  ventricle  of  a  young  man,  and  not  only 
tried  but  succeeded.**  This  marked  the  beginning  of  modern 
cardiac  surgery.  Since  a  surgical  Geheimrat  is  reputed  to 
be  a  wrathful  and  even  vengeful  god,  Tm  inclined  to  give 
Rehn  a  Size  4  award  because,  even  though  his  patient  was 
sure  to  die  without  surgical  intervention,  Rehn's  future  as  a 
German  surgeon  might  have  been  at  an  end  had  he  failed. 

What  about  cardiac  surgeons  after  Rehn?  For  decades 
thereafter,  cardiac  surgeons  largely  limited  themselves  to 
treating  traumatic  injuries  of  the  heart — suture  of  stab 
wounds,  removal  of  bullets  and  shell  fragments — and  pret- 
ty much  avoided  operations  on  cardiac  valves  and  congen- 
ital defects.  True,  between  1913  and  1928,  six  surgeons 
had  operated  on  12  patients  with  stenotic  valves  ( 10  mitral, 
one  pulmonic,  and  one  aortic)  in  the  hope  of  enlarging  the 
narrowed  openings.  Nine  of  the  twelve  patients  died  within 
six  days  of  the  operation:  Two  recovered  and  improved, 
and  a  third  lived  for  4  1/2  years  after  the  operation. 
Although  Cutler  and  Beck,  who  reviewed  these  twelve 
cases  in  1929,''  concluded  that  "the  mortality  figures  alone 
should  not  deter  further  investigation,  both  clinical  and  ex- 
perimental, since  they  are  to  be  expected  in  the  opening  up 
of  any  new  field  for  surgical  endeavor,"  no  surgeon  tried 
again  for  fifteen  years.  It  was  as  though  cardiac  surgeons 
respected  the  subtitle  of  the  Cutler-Beck  review,  "Final  re- 
port on  all  surgical  cases"  (italics  added),  and  rejected  the 
conclusions. 

In  November  1945,  Dr  Charles  Bailey  decided  that  the 
time  had  come  to  try  again.'"  Patient  No.  1  died  on  the  op- 
erating table;  7  months  later  Patient  No.  2  died  60  hours 
after  the  operation;  21  months  later.  Patient  No.  3  died  6 
days  after  the  operation. 

Time  to  quit?  Not  for  Bailey.  He  had  two  more  patients 
who  had  consented  to  the  operation.  Bailey  planned  to  do 
both  operations  in  late  May,  but  he  became  ill  and  resched- 
uled No.  4  and  No.  5  for  the  same  day,  June  10,  1948.  No. 
5  was  a  24-year-old  woman,  Claire  Ward;  during  the  re- 
prieve (between  late  May  and  June  10),  her  family  physi- 
cian advised  her  not  to  go  ahead  with  the  proposed  opera- 
tion, but  she  returned  to  Philadelphia  and  agreed  that 
Bailey  operate  as  planned. 

On  the  morning  of  June  10,  Bailey  operated  on  Patient 
No.  4  at  Philadelphia  General  Hospital;  the  patient  died  on 
the  operating  table  before  Bailey  even  reached  the  mitral 
valve.  Bailey  and  his  team  drove  directly  to  Episcopal 
Hospital  in  Philadelphia  where  Patient  No.  5  was  confi- 
dently waiting  in  the  operating  room.  I  don't  know 
whether  she  learned  the  outcome  of  operation  No.  4  before 
she  actually  became  No.  5.  The  operation  on  Claire  Ward 


went  well  and  she  survived.  She  survived  not  only  the  op- 
eration, but  a  train  ride  from  Philadelphia  to  Chicago  nine 
days  later  (to  be  presented  to  the  American  College  of 
Chest  Surgeons  meeting  there  on  June  20),  two  subsequent 
pregnancies,  and  (when  last  noted  in  1971)  23  more  years 
of  active  life.  Bailey  operated  on  10  more  patients  in  the 
next  9  months.  Of  the  total  of  15,  10  died;  of  the  8  in  whom 
he  had  divided  (or  planned  to  divide)  the  commissures 
("mitral  commissurotomy"),  4  lived  and  4  died.  Bailey 
concluded  that  "commissurotomy  is  a  simple,  direct,  effec- 
tive, and  safe  procedure"  (italics  added)."  No  one  knows 
whether,  on  the  basis  of  Bailey's  figures,  his  surgical  col- 
leagues would  have  judged  the  operation  to  be  "safe"  (for 
the  surgeon  perhaps,  but  for  the  patient?)  but  they  never 
had  to  decide  on  this  basis.  Six  days  after  Bailey's  success- 
ful operation,  Harken  in  Boston  performed  a  successful 
commissurotomy'-  and  three  months  after  that  Brock  had 
success  in  London."  During  the  next  decade,  surgeons 
performed  thousands  of  similar  operations  on  stenotic  pul- 
monary and  aortic  as  well  as  mitral  valves.  Eventually, 
commissurotomy  was  upstaged  by  complete  excision  of 
the  badly  diseased  valve  and  replacement  by  an  artificial 
valve,  implanted  during  an  open  heart  operation. 

This  is  a  story  of  a  great  surgical  advance  that  was  due 
in  large  part  to  courage.  But  whose?  Courage  of  the  sur- 
geon to  risk  his  professional  career  by  failing  over  and 
over  again?  Or  courage  of  Patient  No.  5.  Claire  Ward,  who 
knew  that  at  least  Patients  No.  1,  2,  and  3  had  died  but, 
nevertheless,  decided  to  risk  her  life?  I  vote  to  give  a 
Courage,  Size  4  award  to  the  patient. 

Why  not  to  the  surgeon  who  had  "the  courage  to  fail"  in 
operations  1  to  4?  Largely  because  this  story — of  early 
failures  crowned  by  a  single  success — was  a  pretty  com- 
mon one  (though  not  many  physicians  today  remember 
this).  And  so  far  I  can't  find  instances  of  surgeons  who  suf- 
fered professional  disgrace  and  poverty  by  failure  in  their 
bold,  daring,  audacious,  innovative  surgical  procedures.  If 
I  could  find  such  cases,  I'd  give  them  all  courage  Size  4  or 
maybe  even  Size  2  awards.  But  the  evidence  of  profession- 
al obloquy  is  not  to  be  found  in  their  published  accounts, 
reminiscences,  or  biographies. 

Trendelenberg,  the  famous  German  surgeon,  wrote  in 
1912:  "Twelve  times  we  have  done  it  [pulmonary  em- 
bolectomy  in  man]  at  the  clinic,  my  assistants  oftener  than 
myself,  and  not  once  with  success.  And  yet,  I  would  con- 
tinue trying."'^  He  did  and  continued  to  be  respected. 
Cutler  and  Beck  remained  respected  physicians  after  six 
consecutive  patients  with  mitral  stenosis  died  postopera- 
tively; Streider  did  not  suffer  disgrace  when  his  patient 
died  after  his  pioneer  attempt  to  close  her  patent  ductus  ar- 
teriosus. Clarence  Dennis  was  the  first  to  try  open  heart 
surgery  in  man  using  a  pump-oxygenator.  about  a  year  be- 
fore Gibbon;  his  patient  died.'^  John  Gibbon,  the  great  pio- 
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necr  in  surgical  research  v\ho  almost  single-handedly  de- 
veloped the  heart-lung  apparatus,  was  the  first  to  use  it 
successfully,  for  the  repair  of  a  large  interatrial  septal  de- 
fect in  an  18-year-oId  girl.  But  his  first  report  told  of  oper- 
ations in  /"()(//■  patients,  three  of  whom  died.'"  Harken  and 
his  associates  were  the  first  to  replace  a  diseased  aortic 
valve  with  an  artificial  valve,  but  of  the  first  five  patients, 
only  No.  2  survived.'^ 

Their  colleagues  continued  to  respect  these  men  despite 
failures.  It  is  for  this  reason  that  I  prefer  to  call  them  inno- 
vative, bold,  daring,  resolute,  persevering,  determined,  ob- 
stinate, stubborn,  or  dogged,  rather  than  courageous.  The 
surgeon  working  at  the  frontier  of  his  specialty,  usually  on 
poor-risk  patients,  seemed  to  lose  little  by  failure  except 
the  instant  fame  of  success. 

This  assessment  may  not  be  correct.  Sociologists  Fox 
and  Swazey  believe  that  to  a  "transplant"  surgeon  the  most 
devastating  form  of  defeat  is  the  death  of  a  patient.  Some 
quotes  are.  "I  realize  I  can't  win  every  time.  But  emotion- 
ally, I  want  to.  So  when  a  patient  dies.  I  feel  terribly  deject- 
ed" and  "Whenever  we  lose  someone  on  the  operating 
table,  the  old  man  is  devastated.  He  .  .  .  goes  to  his  office 
and  locks  the  door.  It's  as  if  it  were  some  sort  of  personal 
defeat."  A  tortured  mind  and  soul,  if  it  persists  for  long, 
may  well  be  worse  than  outright  loss  of  professional  pres- 
tige or  privileges. 

Perseverance,  Size  1.  Some  can't  qualify  for  a 
Courage  award  of  any  size  but  do  deserve  a  Perseverance. 
Size  I  award.  These  are  the  physicians  who  have  nothing 
to  lose  because  they  are  involved  with  restoring  to  life  one 
who,  at  the  time  of  their  intervention,  was  already  legally 
dead.  Persevering,  determined,  and  dauntless  describe 
Claude  Beck's  attempt  after  attempt  to  use  electrical  defib- 
rillation in  patients  with  an  open  chest  and  ventricular  fib- 
rillation and  Zoll's  attempt  to  convert  ventricular  fibrilla- 
tion to  normal  rhythm  in  patients  with  a  closed  chest.  Beck 
had  five  failures  in  a  row  before  his  first  success'^;  Zoll 
had  three  failures  before  his  first  success.'''  Both  get  the 
Perseverance,  Size  I  award.  But  those  who  stubbornly 
keep  parts  of  patients  alive  although  the  whole  patient  will 
never  function  again  get  no  award  from  me,  even  for  per- 
severance. 

Awards  for  cardiac  transplanters?  What  about 
Christiaan  Barnard  and  his  followers  in  the  field  of  cardiac 
transplantation?  Because  this  is  a  special  case,  I  prefer  to 
let  surgeons  speak,  as  they  did  in  a  book  review'"  of  The 
Coiinigc  III  Fail: 

.  .  .  llic  "li;ins|ilaiil  surgeon"  ...  is  seen  as  something 
of  a  superman  pioneering  the  therapeutic  unknown.  He 
has  "the  courage  to  fail."  A  long  discussion  of  the  prob- 
lems of  heart  transplants  follows  with,  apparently,  little 
recognition  of  the  fact  that  the  1968-69  development  of 
heart  transplantation  was  an  unrorUinale  period  in  the 


history  of  American  surgery.  A  group  of  surgeons,  ex- 
perienced in  cardiac  surgery  but  unaware  of  the  prob- 
lems of  organ  transplantation  and  immunosuppression, 
took  up.  without  suitable  laboratory  background,  an  op- 
eration thai  had  previously  been  performed  only  once  or 
twice  in  South  Africa.  Although  the  book  builds  up  the 
physician  and  surgeon  as  having  the  "courage  to  fail"  he 
can  also  misunderstand  the  nature  of  biologic  and  bio- 
chemical science,  and  abuse  or  exploit  the  power  of  per- 
suasion that  physicians  have  in  dealing  with  patients. 

Looking  into  my  Retrospectroscope,  it  seems  certain 
that  great  medical  and  surgical  advances  have  often  result- 
ed from  the  unique  combination  at  the  right  moment  of  a 
courageous  subject  or  patient  and  an  innovative,  persever- 
ing, dogged  physician,  surgeon,  or  even  layman  (such  as 
Lady  Mary  Montagu).  Ethical  considerations  require  that 
the  subject  (or  his  or  her  parents)  be  fully  informed;  scien- 
tific considerations  require  that  the  dogged  physician  or 
surgeon  also  be  maximally  informed  in  the  totality  of 
knowledge  pertaining  to  his  innovation — before  he  per- 
sists, and  not  after. 
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Test  "tour 
Radiologic  Skill 
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A  Large  Thin-Walled  Cavity  with 
an  Air-Fluid  Level  on  Chest  Radiograph 

Mark  R  Harrigan  BS 


A  75-year-old  man  with  a  history  of  smoking,  bullous 
emphysema,  and  pulmonary  embolism  presented  to  the 
emergency  room  with  shortness  of  breath  and  a  productive 
cough  that  had  begun  4  weeks  prior  to  this  visit.  His  tem- 
perature was  38.3°C,  pulse  104  beats/min,  and  respiratory 


Mr  Harrigan  is  a  4th-year  student.  University  of  Washington 
School  of  Medicine,  Seattle,  Washington. 

Reprints:  Mark  R  Harrigan.  Department  of  Neurological  Surgery, 
Rl-20,  University  of  Washington,  Seattle  WA  98 1 95. 


rate  24  breaths/min.  Arterial  blood-gas  analysis  showed 
pH  7.48,  Paco:  32.7  torr,  PaO:  57.6  torr,  and  oxyhe- 
moglobin saturation  91.7%.  The  leukocyte  count  was 
11,600  cells/;UL,  with  21%  bands,  82%  neutrophils,  and 
9%  lymphocytes.  He  had  a  prothrombin  time  of  25.6  sec- 
onds (international  normalized  ratio  [INR]  6.3)  associated 
with  long-term  Coumadin  therapy.  Posteroanterior  and  lat- 
eral chest  films  were  obtained  (Fig.  1 A  &  B),  showing  a  9- 
cm  thin-walled  spherical  pulmonary  cavity  with  an  air- 
tluid  level.  Examination  of  the  hospital  record  showed  that 
this  cavity  had  been  present  but  empty  on  a  chest  film 
taken  15  months  previously. 


How  would  you  answer  these  questions? 

What  is  the  most  likely  diagnosis  for  this  patient? 


What  is  the  differential  diagnosis  for  this  x-ray  finding?  . 


What  treatment  would  you  recommend? 
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Fig.  1 .  Posteroanterior  (A)  and  lateral 
(B)  chest  radiographs  showing  a  thin- 
walled  spherical  cavity  in  the  chest  of 
a  75-year  old  man. 
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Answers 

Diagnosis:  The  9-cm  thin-walled  cavity  is  a  bulla  that  had 
developed  in  this  patient  over  a  period  of  years.  Bullae  are 
thin-walled  cystic  lesions  greater  than  1  cm  in  diameter 
that  often  occur  in  the  setting  of  diffuse  emphysema. 
Sometimes  the  adjacent  lung  tissue  may  be  compressed, 
producing  the  appearance  of  a  thick-walled  cavity. 

The  fluid  within  the  cavity  has  a  number  of  possible  ex- 
planations. The  recent  development  of  a  productive  cough, 
dyspnea,  fever,  and  leukocytosis  in  this  patient  is  compati- 
ble with  an  infected  bulla.  Generally,  hemorrhage  into  a 
bulla  is  a  less  common  occurrence  than  infection,'  but.  in 
this  case,  the  elevated  prothrombin  time  makes  hemor- 
rhage more  likely.  Spontaneous  hemopneumothorax  due 
to  aberrant  pulmonary  vessels  around  a  bulla  has  been  de- 
scribed.- Pulmonary  edema  can  also  contribute  to  fluid 
within  a  bulla,  but,  in  this  case,  there  was  no  concurrent 
pleural  effusion  or  pulmonary  infiltrates. 

Upon  admission,  this  patient  was  given  oxygen  by 
nasal  cannula  and  treated  with  clindamycin  and  vitamin 
K.  His  Coumadin  was  discontinued.  Sputum,  blood,  and 
urine  cultures  were  negative.  After  8  days  in  the  hospital, 
his  fever,  cough,  and  respiratory  alkalosis  resolved,  the 
leukocyte  count  and  prothrombin  time  returned  to  normal, 
and  he  was  discharged.  Two  weeks  following  discharge 
he  was  asymptomatic  except  for  an  occasional  nonpro- 
ductive cough.  A  follow-up  chest  film  4  weeks  after  dis- 
charge showed  that  the  air-fluid  level  was  nearly  gone. 
The  fluid  within  the  cavity  was  never  explained.  The  pa- 
tient's fever,  elevated  leukocyte  count,  and  respiratory  al- 
kalosis may  have  been  caused  by  an  infected  bulla,  an  in- 
fection elsewhere  in  the  respiratory  tract,  or  a  cavitary 
hemorrhage. 

Differential  Diagnosis:  A  solitary,  spherical,  thin-walled 
pulmonary  cavity  with  an  air-fluid  level  can  develop  in  a 
number  of  conditions  other  than  bullous  emphysema. 
Septic  emboli  can  produce  a  single  thin-walled  cavity,  but 
cavitation  following  nonseptic  emboli  and  infarcts  is  very 
rare.'  Thus,  this  patient's  prior  pulmonary  embolism  prob- 
ably did  not  give  rise  to  this  cavity. 

Other  infectious  causes  for  a  spherical  cavity  with  an 
air-fluid  level  include  bacterial,  fungal,  or  parasitic  dis- 
ease. An  active  bacterial  lung  abscess  is  typically  charac- 
terized radiographically  by  a  thick-walled,  irregular  cavity. 
However,  a  bulla  may  develop  as  a  sequela  of  a  lung  ab- 
scess. Mycobacterial  infections  may  present  as  smooth, 
thin-walled  cavities  containing  air-fluid  levels.' 

Pneumatoceles  are  thin-walled  cystic  lesions  found  in 
about  .50%  of  patients  with  staphylococcal  pneumonia  and 
less  commonly  with  other  pneumonias.''  Unlike  emphyse- 
matous bullae,  pneumatoceles  may  resolve  spontaneously. 


A  solitary  cavity  with  an  air-fluid  level  may  be  seen  in  coc- 
cidioidomycosis and  echinococcus  infections.'  ■* 

Cystic  fibrosis  is  associated  with  thin-walled  cavities 
with  or  without  air-fluid  levels.'  A  congenital  or  traumatic 
bronchogenic  cyst  may  present  as  a  solitary  thin-walled 
cavity  with  an  air-fluid  level. '-^  Lung  cancer  is  a  common 
cause  of  cavitating  lung  lesions,  but  such  lesions  usually 
appear  as  thick-walled,  iiTegular  cavities  and  air-fluid  lev- 
els are  uncommon.  Lung  cavities  are  seen  in  almost  half  of 
patients  with  Wegener's  granulomatosis;  solitary  lesions 
with  an  air-fluid  level  are  seen  rarely.'  Large  lung  cavities 
have  also  been  reported  in  Marfan  syndrome*  and  fire- 
eater's  lung.' 

Treatment:  Although  this  patient  was  hypoxemic  and  had 
a  mild  respiratory  alkalosis,  there  was  no  evidence  of  se- 
vere respiratory  distress.  Therefore,  first-line  treatment 
was  empiric  and  directed  toward  the  most  likely  causes  of 
the  hypoxemia.  Hospitalization  was  required  to  administer 
oxygen  and  I.V.  antibiotics.  Antimicrobial  therapy  consist- 
ed of  clindamycin  800  mg  I.V.  every  8  hours  to  achieve 
broad  gram-negative  coverage  due  to  the  possibility  of  an 
infected  bulla.  An  alternative  antibiotic  regimen  is  ben- 
zylpenicillin  3-6  g  I.V.  daily  and  metronidazole  500  mg 
I.V.  every  8  hours.  This  patient's  cultures  were  negative, 
but  had  they  been  positive  would  have  enabled  more  spe- 
cific antimicrobial  coverage.  Vitamin  K,  10  mg  intramus- 
cularly, and  discontinuation  of  his  Coumadin  were  neces- 
sary to  correct  the  bleeding  diathesis.  Postural  drainage 
was  not  indicated  because  of  the  possibility  of  airway  oc- 
clusion by  the  fluid  in  the  bulla. 

If  the  patient's  symptoms  of  respiratory  distress  had 
continued  in  the  face  of  antibiotic  and  supportive  therapy, 
further  diagnostic  procedures  would  have  been  indicated. 
Percutaneous  needle  aspiration  of  the  fluid  within  the  cavi- 
ty would  have  differentiated  an  infection  from  a  hemor- 
rhage and  allowed  more  precise  antibiotic  coverage.  For 
lung  abscess,  percutaneous  aspiration  has  been  shown  to 
have  a  high  diagnostic  yield  with  a  relatively  low  inci- 
dence of  complications. **  Infected  bullae  that  do  not  re- 
spond to  medical  therapy  should  be  considered  for  surgical 
resection.'' '"  For  patients  at  high  risk  for  surgical  compli- 
cations, an  alternative  is  percutaneous  drainage  of  the  cav- 

Emphysema  is  a  progressive  disease,  and,  in  the  long 
term,  this  patient  can  expect  gradual  enlargement  of  exist- 
ing bullae.  Complications  of  advanced  bullous  emphyse- 
ma include  spontaneous  pneumothorax  and  chronic  severe 
dyspnea.  Ruptured  bullae  are  the  most  common  cause  of 
spontaneous  pneumothorax  in  patients  with  pre-existing 
lung  disease.  Options  for  the  management  of  spontaneous 
pneumothorax  include  observation,  chest-tube  placement, 
and  surgical  intervention.  The  most  common  surgical  ap- 
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proach  is  local  excision  of  the  bulla  or  plication  via  a  limit- 
ed thoracotomy.  An  alternative  to  surgery  is  thoracoscopic 
stapled  resection. '^ 

Discussion 

Large  bullae  can  cause  significant  dyspnea  in  the  ab- 
sence of  infection,  hemorrhage,  or  rupture.'^  The  mecha- 
nism by  which  they  interfere  with  respiratory  function  is 
not  entirely  understood.  Bullae  communicate  with  the 
bronchial  tree.  One  view  holds  that  air  trapped  inside  these 
cavities  attains  positive  pressure  and  compresses  the  sur- 
rounding normal  lung  tissue.'"*  Another  hypothesis  is  that 
the  pressure  inside  large  bullae  is  closer  to  pleural  pres- 
sure, causing  them  to  be  preferentially  filled  during  inspi- 
ration.'"" According  to  this  view,  the  elastic  recoil  of  the 
lung  leads  to  retraction  of  the  surrounding  tissue.  An  in- 
crease in  dead  space  is  not  thought  to  be  a  clinically  impor- 
tant factor  in  bullous  emphysema.'^"' 

Although  most  patients  with  bullous  emphysema  have 
diffuse  involvement  throughout  the  lungs,  in  the  less  com- 
mon case  of  a  single  or  few  large  bullae,  buUectomy  can 
offer  significant  respiratory  improvement.''"  '^-"  Bullae 
can  be  surgically  removed  via  a  thoracotomy,  a  median 
sternotomy.-"  or  thoracoscopy.'"-'  BuUectomy  is  appropri- 
ate for  hypoxemic  patients  with  evidence  of  compression 
or  collapse  of  normal  lung  tissue  surrounding  a  large  bulla. 
The  procedure  carries  a  mortality  rate  of  about  10%.-'  It  is 
indicated  when  a  bulla  occupies  one  third  to  two  thirds  of 
the  hemithorax  and  when  exhaled  volume  in  the  first  sec- 
ond of  a  forced  exhalation  (FEV| )  is  about  half  of  predict- 
gjj  i6,i7,2:-:4  Patients  with  smaller  bullae  and  better  respira- 
tory function  do  not  have  enough  to  gain  to  justify  the  risks 
associated  with  buUectomy,  and  those  with  a  lower  FEV| 
usually  have  generalized  emphysema  and  thus  have  an  in- 
sufficient amount  of  normal  lung  tissue  to  benefit  from 
buUectomy.  Alternatives  to  buUectomy  include  intracavi- 
tary suction  and  drainage-''"-^  and  bronchofiberoptic 
bronchial  occlusion.-* 
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ARDS  was  originally  described  in  1967  and  has  since  undergone  much  scrutiny.  This  review  of  ARDS 
in  1990  discusses  the  latest  developments  m  risk  factors  and  treatment.  It  also  covers  the  5  diagnostic 
criteria  that  must  be  present  to  make  an  accurate  diagnosis  ol  ARDS,  including  clinical,  radiographic, 

and  physiologic  criteria. 
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House  Officer  Guide  to  ICU  Care: 
Fundamentals  of  Management  of  the 
Heart  and  Lung.s.  2nd  edition,  by  John  A 
Elefteriades  MD.  Alexander  S  Geha  MD, 
and  Lawrence  S  Cohen  MD.  Soft-cover. 
286  pages,  illustrated.  New  York:  Raven 
Pres.s.  1994.  $39.95. 


House  Officer  Guide  to  ICU  Care  is 

an  illustrated  handbook  written  for  medical 
students  and  physicians  e;irly  in  training 
that  is  also  aiined  at  nurses  and  respiratory 
therapists  who  deal  with  critically  ill  pa- 
tients. The  original  authors,  Drs  Elefteriades 
and  Geha,  senior  academic  cardiothoracic 
surgeons,  have  added  Dr  Cohen,  a  profes- 
sor of  medicine,  to  the  list  of  authors.  The 
language  is  simple  and  readable,  with  fre- 
quent use  of  bold  print  to  highlight  what  the 
authors  feel  are  key  concepts.  The  accom- 
panying illustrations  are  also  fairly  basic. 
The  chapters  are  organized  to  cover  specif- 
ic aspects,  technologies,  or  problems  of  the 
critically  ill  patient,  and  each  is  followed  by 
a  short  list  of  references,  and  some  have 
suggestions  for  further  reading.  This  edi- 
tion claims  to  be  "expanded  to  cover  both 
surgical  and  medical  (intensive  care)  pa- 
tients," but,  unfortunately,  this  claim  is  far 
from  met  by  the  contents  of  the  book. 

Despite  a  title  that  is  at  least  misleading, 
if  not  downright  deceptive.  House  Officer 
Guide  to  ICU  Care  primarily  represents 
the  efforts  of  two  experienced  cardiac  sur- 
geons to  educate  housestaff,  medical  stu- 
dents, nurses,  and  respiratory  therapists  in 
the  perioperative  management  of  cardio- 
thoracic surgery  patients.  In  fact,  the  first 
edition  of  this  work,  which  did  not  include 
Dr  Cohen  as  an  author,  admitted  this  focus. 
In  the  preface  to  the  second  addition,  the 
authors  purport  to  have  broadened  the 
scope  of  the  text  "beyond  the  specific  care 
of  the  postoperative  patient  to  that  of  the 
general  care  of  the  heart  and  lungs  in  med- 
ical as  well  as  surgical  patients." 
Unfortunately,  the  authors,  even  with  the 
addition  of  Dr  Cohen  in  an  attempt  to  add 
medical  relevance,  have  failed  to  make  the 
book  anything  but  a  primer  for  surgical 
housestaff  on  their  cardiothoracic  rotation. 
Worse  yet,  instead  of  simply  having  a  mis- 
leading title,  the  book  now  contains  overly 


simplistic  and.  in  some  cases,  erroneous  in- 
fomiation  in  the  chapters  that  are  focused 
on  topics  other  than  cardiac  care. 

A  quick  survey  of  the  Table  of  Contents 
reveals  that  I S  of  the  2 1  chapters  cover 
cardiac  and  surgical  topics,  with  a  scant  8 
pages  devoted  to  "Management  of  Acute 
Pulmonary  Disease."  Despite  separate 
chapters  on  cardiac-assist  devices  and  the 
postoperative  care  of  patients  after  ar- 
rhythmia surgery,  both  of  which  are  limit- 
ed to  specialized  tertiary  care  centers, 
there  is  not  a  single  mention  of  subjects 
such  as  ARDS  or  sepsis,  which  are  main- 
stays of  the  medical  ICU.  Even  in  the 
chapter  on  pulmonary  disease,  discussion 
is  centered  around  the  postsurgical  pa- 
tient. For  instance,  the  discussion  of  bron- 
chospasm  does  not  mention  asthma. 
Perhaps  the  authors  feel  that  their  exam- 
ples of  volume  overload  and  pulmonary 
edema  are  enough  to  illustrate  the  salient 
features  in  the  management  of  bron- 
chospasm;  however,  diuresis,  early  intu- 
bation, and  mechanical  ventilation,  advo- 
cated as  treatment  for  bronchospasm  by 
the  authors,  although  often  appropriate  for 
the  surgical  or  cardiac  patient,  may  lead  to 
a  higher  mortality  rate  in  asthmatics. 

Other  subjects  vital  to  the  management 
of  critically  ill  patients  are  given  short  shrift 
as  well.  There  are  only  two  pages  dealing 
with  acid-ba.se  disorders  and  even  these 
contain  an  internal  inconsistency.  Fever 
gets  four  lines.  This  seeming  lack  of 
knowledge  or  interest  regarding  nonsurgi- 
cal patients  permeates  the  book.  This  bias 
would  be  forgivable  if  the  authors  quali- 
fied many  of  their  statements,  making  it 
clear  to  the  reader  that  certain  assertions 
refer  only  to  postsurgical  patients  and 
pointing  out  how  they  differ  from  patients 
with  other  di.sease  processes.  Unfortunately, 
they  often  do  the  opposite,  attempting  to 
generalize  from  these  patients.  Such  a  mis- 
take can  leave  readers  unable  to  effectively 
deal  with  patients  with  chronic  pulmonary 
disea.se  or  acute  medical  emergencies. 

For  example,  in  the  chapter  "Respirators 
and  Respiratory  Management"  the  authors 
state  (in  bold  print  no  less)  that  "Pco; 
should  be  strictly  maintained  at  normal 
levels — that  is,  at  40  mm  Hg  or  less."  This 
belief  is  common  among  surgical  house 


staff,  and  1  believe  that  it  has  caused  sig- 
nificant morbidity  and  mortality.  Such  an 
approach  in  a  patient  with  COPD  who  is  a 
chronic  CO;  retainer  may  result  in  a  dan- 
gerous alteration  in  acid-base  status,  both 
initially  on  the  ventilator  and  after  extuba- 
tion,  when  the  CO;  rises  to  its  usual  level 
without  the  protection  of  a  metabolic  alka- 
losis. Worse,  such  an  approach  in  this  pa- 
tient or  in  an  asthmatic  with  severe  bron- 
chospasm can  lead  to  high  levels  of  auto- 
PEEP,  which  often  go  unrecognized, 
resulting  in  profound  hypotension  and.  at 
times,  death.  The  chapter  contains  other 
statements,  some  simply  dogma  ("IMV  is 
appropriate  for  every  patient  in  the  hospi- 
tal"), some  inaccurate  ("A  normal  P(A-a)0> 
is  60-80  mm  Hg"  without  qualification 
that  this  is  at  100%  inspired  oxygen)  and 
some  institutionally  biased  ("Pressure 
ventilators  ...  are  no  longer  frequently 
used  in  intensive  care  settings")  about 
which  any  experienced  respiratory  thera- 
pist or  nurse  will  be  suspicious.  The  dis- 
cussion is  overiy  simplistic  and  leaves  out 
important  points.  For  instance,  pH  is 
never  mentioned  in  regards  to  managing 
ventilator  settings  and  in  the  discussion  of 
weaning  there  is  no  mention  of  minute 
ventilation,  inspired  oxygen  levels,  or  res- 
piratory rate. 

What  House  Officer  Guide  to  ICU 
Care  does  well  is  to  explain  to  those  unfa- 
miliar with  critically  ill  cardiac  surgery  pa- 
tients the  strategies  and  surgical  techniques 
and  modalities  used  for  their  care.  In  these 
chapters,  the  authors  use  simple  language 
and  illustrations  to  convey  their  vast 
knowledge  of  the  subject  in  a  manner  that 
most  young  physicians  will  find  easily  un- 
derstandable. Respiratory  therapists  and 
nurses  who  help  manage  these  patients 
might  find  the  book  useful  in  helping  them 
understand  the  many  unique  aspects  of 
their  care.  If  yt)u  do  buy  this  book  for  that 
reason,  just  remember  to  tear  out  the  chap- 
ters that  do  not  directly  deal  with  cardiac 
surgery. 

Marlt  R  Tonclli  MD 

Senior  Fellow 

Pulmonary  &  Critical  Care  Medicine 

University  of  Washington 

Seattle.  Washington 
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Principles  and  Practice  of  Mechanical 
Ventilation,  edited  by  Martin  J  Tobin  MD, 
with  75  contributors.  Hardcover.  l..^()0 
pages,  illustrated.  New  York:  McGraw-Hill 
Inc.  1W4.  $139.00. 

This  substantial  text  is  clearly  intended  to 
be  a  complete  reference  for  mechanical  ven- 
tilation. The  intent  is  not  only  to  provide  a 
comprehensive  volume  with  discussions 
that  address  almost  every  topic  of  mechani- 
cal ventilation  but  also  to  aid  clinician  deci- 
sion making  for  ventilator  patients.  One  of 
the  purpose  statements  in  the  preface  states 
that  the  editor's  intent  for  the  material  is  to 
stiinulate  research  and  critical  thinking  on 
the  many  topics:  overall  the  text  is  faithful  to 
that  goal. 

This  book's  breadth  of  discussion  and 
careful  attention  to  the  interplay  between 
inechanical  ventilation  and  physiologic 
mechanisms  make  it  well  suited  for  inten- 
sivists.  The  list  of  contributors  is  a  "who's 
who"  in  pulmonary  and  critical  care 
medicine,  including  many  international  au- 
thorities. Respiratory  therapists  and  nurses 
will  find  the  material  useful  for  improving 
their  ability  to  communicate  new  applica- 
tions and  approaches  to  physicians  and  ex- 
panding their  own  understanding  of  me- 
chanical ventilation  theory. 

The  54  chapters  are  grouped  into  14  .sec- 
tions, starting  with  an  excellent  history  of 
mechanical  ventilation.  Robert  Chatbum's 
often  cited  Respiratory  Care  article'  on 
ventilator  classification  comprises  a  large 
portion  of  Chapter  2.  Indications  for  me- 
chanical ventilation  constitute  a  large  chap- 
ter that  includes  a  discussion  of  considera- 
tions for  respiratory  muscle  loading.  Five 
chapters  are  devoted  to  conventional  meth- 
ods of  ventilator  support,  and.  interestingly, 
pressure  support  is  included  under  the 
grouping  of  conventional  support.  Six  chaf)- 
ters  on  alternative  methods  include  entire 
chapters  on  airway  pressure  release  ventila- 
tion, proportional  assist  ventilation,  and  per- 
missive hypercapnia.  Although  the  noninva- 
sive-ventilation  section  is  adequate,  it  is 
lacking  somewhat  in  its  discussion  of  nasal 
and  face-mask  applications.  The  four  chap- 
ters describing  unconventional  modes  of 
ventilation  touch  upon  both  old  and  new  ap- 
proaches.  The  section  on  ventilating  patients 
in  specific  settings/conditions  includes  dis- 
cussions of  neonatal-pediatric  ventilation, 
ventilation  during  general  anesthesia,  inde- 


pendent-lung ventilation,  ventilation  during 
resuscitation,  and  ventilation  during  trans- 
port and  in  the  home.  Considering  the  topics 
encompassed,  the  .section  on  physiologic  ef- 
fects of  mechanical  ventilation  is  soinewhat 
abbreviated.  The  remaining  sections  on  arti- 
ficial airways,  complications,  monitoring 
techniques,  management  strategies,  and  eth- 
ical considerations  are  more  application  ori- 
ented and  practical.  Ventilator  brands  and 
models  are  discussed  but  not  in  suitable  de- 
tail for  this  to  be  used  as  a  reference  text  for 
equipment. 

Most  of  the  chapters  present  ample  find- 
ings from  the  current  literature  on  each 
topic.  In  many  cases,  sufficient  study  data 
have  been  included,  in  addition  to  the  au- 
thors" interpretations,  to  allow  the  reader  to 
draw  independent  conclusions.  Although 
this  text  has  a  high  reading  level,  its  clarity 
and  excellent  descriptions  should  make  it 
palatable  to  a  broad  readership.  The  many  il- 
lustrations, photographs,  and  graphics  are 
useful  and  of  high  quality.  Educators  will 
find  the  figures  to  be  of  suitable  size  and  def- 
inition to  use  as  teaching  aids.  Principle.s 
and  Practice  of  Mechanical  Ventilation 
does  an  excellent  job  of  addressing  the  large 
and  complex  subject  of  inechanical  ventila- 
tion— especially  for  a  first  edition. 

Jonathan  B  Waugh  MS  RRT 

Instructor 

Department  of  Cardiopulmonary 

Care  Sciences 

Georgia  State  University 

Atlanta,  Georgia 
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ABC  of  Sleep  Disorders,  edited  by  Colin 
M  Shapiro  PhD,  with  ?•  1  contributors.  Soft- 
cover,  90  pages,  illustrated.  London:  BMJ 
Publishing  Group.  1993.  £  15.  ($23.90  as  of 
9/6/94). 

ABC  of  Sleep  Disorders  is  an  attractive 
paperback  book.  Its  24  chapters  are  short, 
yet  well  endowed  with  colorful  graphs  and 
charts  that  are  used  to  display  data  in  a  vari- 
ety of  fonnats.  Also  included  in  each  chapter 


are  such  renaissance  works  as  "The  Sleeping 
Venus'"  or  "The  Sleeping  Beauty.""  These 
exquisite  masterpieces  are  faitlifully  repro- 
duced, and  used  to  illustrate  the  impression 
that  sleep  and  sleep  disorders  had  upon  past 
generations.  Because  of  each  chapter" s 
brevity,  and  colorful  presentation,  we  found 
that  this  book  provided  us  a  pleasant  reading 
experience. 

As  its  title  implies,  ABC  of  Sleep 
Disorders  presents  information  at  a  very 
basic  level.  Tliis  makes  it  an  ideal  first  book 
for  practitioners  with  little  or  no  training  in 
sleep  medicine.  Each  chapter  provides  a 
brief  synopsis  of  a  unique  aspect  of  sleep 
disorders,  with  each  building  upon  the  last. 
For  example,  the  "Impact  and  Epidemiology 
of  Sleep  Disorders"'  presents  a  brief 
overview  of  the  prevalence  of  sleep  disor- 
ders, sleep-related  morbidity,  and  the  finan- 
cial impact  upon  the  community.  Following 
this  are  chapters  on  the  functions  and  disor- 
ders of  sleep. 

Other  chapters  provide  information  re- 
garding exogenous  substances  and  their  ef- 
fect upon  sleep.  For  instance,  the  chapter 
"Recreational  Drugs  and  Sleep""  provides  a 
summary  of  the  effects  that  commonly  in- 
gested compounds  (such  as  alcohol  and 
nicotine)  have  upon  sleep.  We  find  the  de- 
scription of  the  interaction  between  alcohol 
and  caffeine  to  be  informative.  In  keeping 
with  a  pharmacologic  theme,  the  chapter 
"Illicit  Drugs  and  Sleep""  provides  the  reader 
with  a  succinct  overview  of  the  biochemical 
properties  of  common  street  drugs  ;ind  how 
they  affect  sleep. 

Another  interesting  chapter  is  '"Legal 
Aspects  of  Sleep  and  Alertness.""  It  utilizes  a 
case-history  approach  to  illustrate  the  legal 
liabilities  imposed  upon  practitioners  who 
work  with  sleep-disordered  patients.  For  ex- 
ample, one  case  history  describes  a  physi- 
cian"s  civil  liability  for  a  patient"s  lack  of 
alertness.  This  chapter  underscores  the  po- 
tential hazards  that  persons  with  sleep  disor- 
ders may  unknowingly  pose  to  themsehes 
and  to  those  around  them. 

One  specific  strength  of  this  book  is  that  it 
provides  the  reader  with  a  summary  of  the 
signs  and  symptoms  of  sleep  disorders  in  pe- 
diatric, adult,  and  elderiy  populations.  We  also 
enjoyed  the  chapters  that  describe  techniques 
that  clinicians  can  use  in  their  practice  to  elicit 
a  patient"s  probability  of  sleep  disorders.  In 
particular,  the  chapter  "Sleepiness  and 
Perfomiance""  describes  the  Epworth  sleepi- 
ness scale'  that  consists  of  several  questions 
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whose  answers  ;irc  assigned  a  niinicrical  point 
value.  At  the  conclusion  of  the  questionnaire. 
the  points  are  tidlied.  ;ind  the  kirger  tlie  sum 
the  greater  the  likelihood  that  tlie  patient  has  a 
sleep  disorder. 

Another  asset  of  ABC  of  Sleep  Disorders 
is  that  it  describes  the  role  of  common  diag- 
nostic procedures  (such  as  multiple  sleep  la- 
tency testing  and  polysomnography  or  unat- 
tended monitoring)  during  initial  diagnoses 
and  follow-up  procedures.  Although  the 
application  of  these  methods  is  well  de- 
scribed, no  in-depth  technical  descriptions 
or  explanations  of  the  variables  monitored 
with  each  type  of  technique  are  provided. 
This  wa-s  surprising  because  the  contents  of 
this  book  are  presented  at  a  basic  level. 

In  summary,  we  believe  that  ABC  of 
Sleep  Disorders  is  useful  for  those  practi- 
tioners needing  a  general  overview  of  the 
many  types  and  presentations  of  sleep  disor- 
ders. However,  because  it  does  not  include 
in-depth  discussions  of  pathophysiology,  pa- 
tient outcomes,  or  complications  to  therapy, 
it  may  not  be  too  helpful  for  advanced  practi- 
tioners. Additionally,  except  for  scattered 
footnotes,  there  are  no  references  or  bibli- 
ographies to  help  the  reader  search  for  addi- 
tional infonnation.  Nonetheless,  we  believe 
that  this  text  will  provide  useful  material  to 
those  clinicians  seeking  to  acquire  a  basic  un- 
derstanding of  the  presentation  and  treatment 
options  for  patients  with  sleep  disorders. 

Michael  J  Decker  BSN  RN  CRTT 

Advanced  Clinical  Nurse 

Frank  J  Caruso  BS  RRT 

Administrative  Director 

Department  of  Adult  Respiratory  Care 

University  Hospitals  of  Cleveland 

Cleveland,  Ohio 
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Anyone  Can  Intubate.  3rd  edition,  by 
Christine  E  Whitten  MD.  Soft-cover,  IW 
pages,  illustrated.  San  Diego:  KW 
Publications.  1994.  $16.9.'5.  To  order  call 
«(X)-4.'i()-266.5. 


This  book  was  written  because  much  in- 
struction on  airway  management  is  passed 
from  mentor  to  student  during  a  training  pe- 
riod or  apprenticeship,  with  a  limited 
amount  of  written  infonnation  on  how  to  in- 
tubate. Many  articles  and  books  are  directed 
toward  the  expert  intubator.  This  book  ad- 
dresses the  novice  student  (as  well  as  the  ex- 
pert) on  the  basic  techniques  of  airway  man- 
agement and  intubation. 

The  author.  Christine  E  Whitten,  re- 
ceived her  medical  degree  from  Johns 
Hopkins  Medical  School  in  1979  and  her 
anesthesiology  training  in  the  United  States 
Navy.  She  has  lectured  on  intubation  and 
airway  management  and  has  been  an  active 
volunteer  for  international  plastic  surgery 
teams  who  provide  free  surgery  to  children 
in  undeveloped  countries.  Besides  partici- 
pating on  surgical  teams,  she  also  has  in- 
structed anesthesia  providers  during  Uips  to 
many  international  sites. 

I  believe  this  book  to  be  better  than  others 
of  its  kind  because  it  has  many  pearls-basic, 
simple,  useful  techniques  in  a  variety  of  dif- 
ferent airway  management  situations,  with 
many  good  accompanying  illustrations. 

The  book  is  a  short,  simple  monograph  that 
provides  easy,  clear,  and  simple  instniction  on 
the  art  and  science  of  ventilation  and  endotia- 
cheal  intubation.  Numerous  tables,  graphs, 
and  figures  help  to  illustrate  the  text.  It  is  very 
readable;  cover-to-cover  reading  can  be  easily 
accomplished  in  one  or  two  sittings. 

The  intended  audience  includes  nurses, 
emergency  medical  technicians,  paramedics, 
emergency  physicians,  anesthesiologists, 
nurse  anesthetists,  and  respiratory  therapists. 

This  book  pursues  its  intended  goals 
and  appears  to  be  well  directed  to  its  audi- 
ence. Even  experienced  personnel  can 
benefit  from  the  book's  review  of  the  air- 
way and  airway  techniques.  Several  chap- 
ters are  good  reviews  of  techniques  help- 
ful for  paramedics  and  emergency  per- 
sonnel involved  in  trauma  and  emergency 
field  situations. 

Although  the  potential  readership  of  this 
book  is  widespread  among  health  care 
providers,  certain  aspects,  such  as  fiberop- 
tic intubation,  will  be  more  useful  to  physi- 
cians, anesthesiologists,  nurse  anesthetists, 
and  emergency  physicians.  Most  useful  to 
nur.ses  and  respiratory  care  practitioners 
are  the  basic  techniques  and  methods  to 
achieve  good  airway  management  (mask 
ventilation  and  intubation)  that  arc  help- 
ful to  the  novice. 


The  book  is  relatively  error  free;  howev- 
er, two  words  found  to  be  misspelled  are 
Lominiious  on  Page  163.  Paragraph  5.  and 
the  word  head  on  Page  169.  Paragraph  6. 
should  read  "head  lift"  instead  of  "heal  lift." 
On  Pages  156  and  157.  Figures  13-2  and  13- 
3  ;ire  mislabeled.  Figure  13-2  should  be  la- 
beled "U"ansU"acheal  nerve  block"  instead  of 
"glossopharyngeal  nerve  block,"  and  Figure 
13-3  should  be  labeled  "glossopharyngeal 
nerve  block"  instead  of  "transtracheal  nerve 
block." 

While  not  meant  to  be  a  complete  text- 
book, a  weak  point  of  the  book  is  the  mini- 
mal use  of  or  lack  of  bibliography  in  several 
chapters.  Chapter  15.  which  appears  to  be  a 
recent  addition,  has  the  most  references  ( 10), 
and  is  the  only  chapter  in  which  the  refer- 
ences are  cited  in  the  text.  Chapters  I,  3.  4, 
and  6  have  no  bibliography.  This  updated 
version  should  have  included  more  updated 
references  in  all  chapters.  In  particular,  in 
Chapter  3.  Mallampati.  Samsoon.  and 
Young  are  mentioned  in  the  discussion  of 
the  preintubation  airway  evaluation;  howev- 
er, no  reference  to  tliese  authors  is  made  in 
the  bibliography. 

Chapter  8.  "Intubating  the  Child."  has  a 
good  discussion  and  review  of  the  pediatric 
airway.  Hypwxia  is  mentioned  on  Page  88; 
however,  no  mention  is  made  that  bradycar- 
dia in  an  infant  or  child  can  be  one  of  the 
first  signs  of  hypoxia.' 

In  Chapter  13.  "Awake  Intubation."  a  line 
drawing  illustrating  the  nene  supplies  to  the 
mouth  and  tongue  (such  as  the  superior  la- 
ryngeal nerve  and  glossoph;iryngeal  nerve) 
would  have  been  helpful. 

The  author  discusses  many  airway  ad- 
juncts, such  as  laryngotracheal  anesthesia 
(LTA)  and  intubation  stylets,  endotra- 
cheal tube  changers,  tube  benders,  en- 
dotrol  tubes,  the  polio  blade,  the  Holland 
lock,  and  Huffman  prism,  in  addition  to 
the  fiberoptic  bronchoscope.  It  should  be 
mentioned  that  many  of  these  items 
should  be  included  on  the  cart  for  difficult 
intubations. 

Overall,  the  book  is  a  good  summary  of 
intubation  techniques.  The  author  is  to  be 
commended  for  simplifying  the  teaching  of 
some  difficult  aspects  of  intubation  and  for 
stressing  many  times  throughout  the  book 
that  one  must  have  a  high  index  of  suspicion 
of  a  possibly  difficult  airway,  with  respect 
for  the  airway  during  both  intubation  and  ex- 
tubation.  and  must  continually  reassess  the 
airway  management  ol  the  patient. 
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This  book  is  recommended  for  all  respi- 
ratory care  practitioners  as  a  basic  text  and 
reference  to  be  included  in  their  department 
libraries. 

Anthony  L  Kovac  MD 

Associate  Professor 

Department  of  Anesthesiology 

Medical  Director 

Respiratory  Therapy  Service 

University  of  Kansas  Medical  Center 

Kansas  City,  Kansas 
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Pulmonary  Function:  A  Guide  for 
Clinicians,  by  Gabriel  Liiszlo.  Illustrated,  245 
pages.  New  York:  Cambridge  University 
Press,  1994.  Hardcover  $64.95;  soft-cover 
$34.95. 

This  basic  text  of  clinical  respiratory 
physiology  is  a  'must  read'  for  all  upper- 
level  students  of  pulmonary  disease.  It  is 
an  exceptionally  well-written  work  that 
concisely  bridges  the  gap  between  basic 
physiology  and  clinical  disease,  with  an 


emphasis  on  those  principles  most  appli- 
cable to  clinical  physiologic  testing. 

The  book  is  well  organized  into  15  chap- 
ters. Each  chapter  reads  well  independently 
and  can  .serve  as  a  ready  reference.  Overall, 
the  1 5  chapters  can  be  separated  into  3  parts. 
The  first.  Chapters  1-7,  is  devoted  to  basic 
physiologic  measurement  of  different  as- 
pects of  respiratory  funcdon  and  provides  a 
detailed  overview  of  pulmonary  mechanics, 
spirometry,  gas  exchange,  diffusing  capaci- 
ty, and  airways  reactivity.  The  second. 
Chapters  8-11,  places  these  physiologic 
concepts  into  clinical  context,  emphasizing 
a  disease-specific  or  symptom-oriented  ap- 
proach to  pulmonary  function.  Here,  a  re- 
view of  interstitial  lung  disease,  dyspnea, 
and  breathlessness  is  provided.  Finally,  the 
third  portion.  Chapters  12-15.  introduces  the 
reader  to  the  principles  of  exercise  testing, 
control  of  breathing,  and  sleep. 

This  fact-filled  text  reads  nicely,  albeit 
slowly  in  the  early  chapters,  and  the  organi- 
zation of  individual  chapters  may  seem  un- 
usual to  readers  unfamiliar  with  a  British  ap- 
proach. For  example,  the  more  complex 
concepts  of  measurement  of  airway  resis- 
tance are  presented  before  siinple  spirome- 
try in  the  lung-mechanics  chapter.  However, 
the  second  and  third  portions  read  more 
quickly  while  continuing  to  provide  a  steady 
stream  of  worthwhile  information.  Further, 
all  subjects  are  extraordinarily  well  refer- 
enced, with  proper  attention  paid  to  both  the 
classic  and  current  citations. 


The  many  original,  although  somewhat 
crude,  illustrations,  figures,  and  tables  are 
highlighted  with  clear  labeling  and  concise 
legends  that  serve  to  complement  the  text 
material.  They  are  formatted  for  easy  view- 
ing along  with  the  text  such  that  they  do  not 
require  wasted  page  turning.  Unfortunately, 
the  diagnostic  flow  diagrams  are  too  tech- 
nical to  be  of  any  real  clinical  use  and  the 
indexing  is  relatively  poor.  However,  given 
the  overall  clear  organization  of  the  text 
into  well-titled,  well-written  chapters,  these 
are  acceptable  flaws. 

The  only  significant  negative  comment 
is  that  the  text  may  be  too  'basic-science" 
for  its  intended  audience  of  medical,  nurs- 
ing, and  respiratory  students.  Its  focus 
would  seem  too  in-depth  for  the  needs  of 
the  typical  student  or  practitioner.  We 
would,  however,  highly  recommend  it  for 
pulmonary  physicians,  graduate-level 
physiologists,  advanced  respiratory  thera- 
pists, and  those  with  a  special  interest  in 
pulmonary  physiology. 

Robert  S  Crausnian  MD  MMS 

Fellow 

Charles  G  Irvin  PhD 

Director 

Pulmonary  Physiology  Unit 

National  Jewish  Center  for 

Immunology  &  Respiratory  Medicine 

Denver,  Colorado 
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Ventilator-Circuit-Change  Intervals: 
One  Center's  Observations 

Healthwin  Hospital  is  a  163-beiJ  reha- 
bilitation facility  that  houses  2  wings  of 
intermediate-level  hospital  care  and  2 
wings  of  skilled  nursing  care.  The  hospi- 
tal portion  includes  a  20-bed  coma  reha- 
bilitation laboratory  and  a  13-bed  chron- 
ic-ventilator unit.  The  facility  maintains 
approximately  68%  Medicaid  reimburse- 
ment and.  like  other  institutions  of  its 
type,  has  had  difficulty  funding  a  progres- 
sive, yet  high-quality  pulmonary  care 
program. 

Recently,  several  key  changes  were 
made  to  control  expenses,  and  the  result- 
ing cost  saving  has  enabled  us  to  expand 
our  services.  These  innovations  were  pri- 
marily designed  to  combine  new  technol- 
ogy with  existing  practice.  For  example, 
one  of  our  policies  had  been  to  change 
'wet"  ventilator  circuits — those  with  an 
in-line  humidifier — every  48  hours.  The 
cost  to  our  pulmonary  unit  was  estimated 
to  be  $20.277/year  for  the  6  residents 
monitored  for  this  report.  This  cost  in- 
cluded the  expense  of  disposable  supplies 
and  labor  but  not  the  expenses  associated 
with  ordering,  stocking,  and  shipping 
supplies.  The  department  desired  to  re- 
duce ventilator-related  costs  as  long  as 
such  reductions  did  not  pose  an  increased 
risk  to  residents  either  directly  due  to  cir- 
cuit failure  or  indirectly  due  to  respiratory 
infections  or  other  pulmonary  complica- 
tions. We  decided  to  explore  the  possibil- 
ity of  replacing  our  heated  humidification 
systems  with  heat-and-moisture  exchang- 
ers (HMEs). 

Our  search  for  a  suitable  HME  started 
in  October  1992.  and  several  brands  were 
evaluated.  The  manufacturers'  claims  of 
filtration  and  thermal  capability  were  ac- 
cepted at  face  value.  We  monitored  work 
of  breathing  (expiratory  retard)  and  inad- 
vertent PEEP  during  the  evaluation;  resi- 
dents' secretions  were  cultured  to  detect 
infections  and  assessed  for  changes  in 
viscosity  that  might  lead  to  airway  ob- 
struction. Airway  resistance  was  estimat- 
ed by  the  pressure  drop  across  the  HME 
shown  by  pressure  manometers  placed 
proximal  and  distal  to  the  HMH.  The  ade- 


quacy of  humidification  was  qualitatively 
assessed  by  documenting  patient  com- 
plaints. Our  Medical  Directors  approved 
this  process,  and  our  study  was  conducted 
in  a  single  unit  on  six  patients  who  re- 
ceived continuous  cardiorespiratory,  oxy- 
hemoglobin saturation,  airflow,  and  tidal 
volume  monitoring. 

Based  on  our  observations,  the 
Intersurgical  HME  (Intersurgical  Inc. 
Cazenovia  NY)  was  selected  and  placed 
into  service.  Our  cost  data  were  annualized 
to  depict  yearly  cost  savings  of  each  pha.se 
of  circuit-change-frequency  reduction. 

The  first  phase  entailed  the  initial 
change  from  heated  humidification  to 
HME  use.  This  change  was  responsible 
for  a  large  part  of  the  cost  reduction  we 
observed.  At  the  same  time,  we  reduced 
the  ventilator-circuit-change  interval  to  7 
days.  Throughout  our  study  and  at  pre- 
sent, we  change  the  HME  and  distal  tub- 
ing every  48  hours.  No  supplemental  hu- 
midification system  is  used.  These 
changes  resulted  in  a  cost  reduction  of 
$12.000/year  (approximately  59%).  We 
observed  no  change  in  the  incidence  of 
respiratory  infections  in  the  study  group 
except  for  one  resident  who  had  an  un- 
usually high  number  of  infections  that 
were  likely  due  to  his  attending  public 
school  daily  and  swim  lessons  weekly. 

After  3  months,  the  second  phase  of 
the  study  was  initiated,  during  which  we 
lengthened  the  circuit-change  interval  to 
2  weeks.  The  cost  of  ventilator  care  was 
further  reduced  by  $l,289/year,  yielding  a 
cumulative  reduction  of  $13.304/year 
(66%).  The  rate  of  respiratory  infections 
remained  stable  and  no  resident  com- 
plaints were  documented.  Clinical  staff 
has  grown  to  accept  the  new  policies  and 
the  use  of  HMEs. 

After  3  more  months,  we  increased  the 
ventilator-circuit-change  interval  to  1 
month  with  no  increase  in  respiratory  in- 
fections or  other  ongoing  clinical  prob- 
lems. This  last  change  reduced  the  costs 
of  ventilator  care  for  6  patients  to 
$5.934/year  for  a  cumulative  savings  of 
$14.443/year  (71%).  We  continue  to 
monitor  this  program  for  adverse  events 
and  continue  to  change  our  ventilator  cir- 
cuits monthly. 


The  saving  we  report  does  not  include 
the  expense  associated  with  the  bulky 
stock  of  water  and  humidifier  supplies  or 
the  cost  of  maintenance  associated  with 
heated  humidification  systems.  We  used 
the  cost  savings  in  other  areas  to  enhance 
quality  of  our  residents'  care,  and  the  res- 
piratory care  staff  uses  the  time,  once 
spent  building  and  changing  circuits,  for 
other  patient-related  duties. 

Although  our  observations  lack  scien- 
tific validity,  our  cost  data  are  difficult  to 
dispute.  Further  studies  are  needed  before 
prolonged  circuit-change  intervals  can  be 
recommended. 

David  Henke  MBA  RCP  RRT 

Director.  Respiratory  Care 
Healthwin  Hospital 
South  Bend.  Indiana 


Potential  Misallocation  of 
Respiratory  Care  Services  Revisited 

An  article  in  the  May  issue  of  AARC 
Times  addresses  the  establishment  of  res- 
piratory care  programs  in  skilled  nursing 
facilities  (SNFs).'  Considerable  attention 
has  been  drawn  to  inisallocation  in  the 
acute  care  hospital.-'  I  believe  that  we  as 
respiratory  care  professionals  should  rec- 
ognize the  potential  for  abuse  of  respira- 
tory care  services  inherent  in  the  provi- 
sion for  such  programs  in  SNFs.  Current 
Medicare  guidelines'"  offer  monetary  in- 
centives to  SNFs  to  provide  respiratory 
care  services  to  their  patients.  These 
guidelines  require  that  such  respiratory 
care  be  provided  to  SNF  residents 
through  a  transfer  agreement  by  respirato- 
ry care  practitioners  (RCPs)  employed  by 
an  acute  care  hospital.  Such  services  may 
range  I'roni  simple  oxygen  therapy  to  the 
management  of  mechanical  ventilation. 

I  agree  with  the  concept  of  the  provi- 
sion of  subacute  care  (in  the  SNF  or  else- 
where) as  a  means  of  transferring  patients 
out  of  the  acute  care  setting  and  with  the 
utilization  of  the  skills  and  knowledge  of 
the  RCP  for  the  care  of  patients  with  com- 
plex respiratory  needs  (eg.  bi-level  con- 
tinuous positive  airway  pressure,  tra- 
cheostomv  care,  and  ventilator  manatic- 
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merit).  Villa'^  has  summarized  the  cost  in- 
curred when  a  patient  on  a  ventilator  is 
managed  in  a  subacute  setting,  and  he  and 
other  authors'"'  have  clearly  shown  that 
managing  patients  in  subacute  care  cen- 
ters is  an  efficient  way  to  provide  good 
care  while  reducing  costs. 

However,  the  following  excerpts  from 
the  Medicare  guidelines  could  lead  to 
abuse:"* 

B.  Respiratory  Therapy  Provided  by  a 
Hospital  with  Which  the  Skilled 
Nursing  Facility  Has  a  Transfer 
Agreement 

1.  Definition. — Respiratory  therapy  (res- 
piratory care)  is  defined  as  those  ser- 
vices that  are  prescribed  by  a  physician 
for  the  assessment,  diagnostic  evalua- 
tion, treatment,  management,  and  moni- 
toring (as  defined  in  S230/10B.4c)  of  pa- 
tients with  deficiencies  and  abnormali- 
ties of  cardiopulmonary  function. 

Respiratory  therapy  services  include  but 
are  not  limited  to: 

a.  The  application  of  techniques  for  sup- 
port of  oxygenation  and  ventilation; 

b.  The  therapeutic  use  and  monitoring  of 
medical  gases  (especially  oxygen); 

c.  Bronchial  hygiene  therapy,  including 
deep  breathing  and  coughing  exercises, 
IPPB,  postural  drainage,  chest  percus- 
sion and  vibration,  and  nasotracheal  suc- 
tioning: 

d.  Diagnostic  tests  for  evaluation  by  a 
physician, . . . ; 

e.  Pulmonary  rehabilitation  techniques  . . . ; 

f.  Periodic  assessment  and  monitoring  of 
the  acute  and  chronically  ill  patient. 

Such  services  are  performed  by  respira- 
tory therapists  or  technicians,  physical 
therapists,  nurses,  and  other  qualified 
personnel. 

Medicare  criteria  for  determining 
whether  respiratory  therapy  is  "reason- 
able and  necessary"  are  defined  as  fol- 
lows:"* 

To  be  considered  rea.sonable  and  neces- 
sary for  the  diagnosis  or  ffeatment  of  an 
individual's  illness  or  injury,  respiratory 
therapy  services  furnished  to  a  beneficia- 
ry must  be  ( 1 )  consistent  with  the  nature 
and  severity  of  the  individual's  com- 
plaints and  diagnosis;  (2)  reasonable  in 
terms  of  modality,  amount,  frequency, 
and  duration  of  the  treatments:  and  (3) 


generally  accepted  by  the  professional 
medical  community  as  being  safe  and  ef- 
fective treatment  for  the  purpose  used." 

However,  we  know  that  despite  the 
similarly  defined  indications  provided  by 
Blue  Cross/Blue  Shield  guidelines"  in  the 
70s  and  80s,  abuse  did  occur  in  acute  care 
facilities.'*'" 

My  recent  work  helping  hospital  de- 
partments implement  therapist-driven 
protocols  has  made  me  even  more  aware 
that  respiratory  therapy  is  overutilized  in 
acute  care  hospitals.  Throughout  the 
country,  the  amount  of  misallocated  ther- 
apy formally  and  informally  reported  in 
hospitals  ranges  from  25%  to  60%."  If 
this  is  true  in  hospitals,  it  may  well  be  true 
in  the  skilled  nursing  environment. 

The  Medicare  guidelines  are  broad 
enough  to  be  misinterpreted,  contributing 
to  the  possibility  of  abuse.  It  is  also  possi- 
ble that  with  misinterpretation  and  abuse, 
we  will  see  a  replay  of  what  occurred  in 
the  early  years  of  our  profession  when  the 
respiratory  therapy  department  was  a 
profit  center  and  increased  utilization  of 
services  boosted  revenues.  Despite  the 
decreases  in  hospital  inpatient  volume 
and  the  advent  of  patient-focused  care 
and  hospital  redesign  that  threaten  the  job 
security  of  respiratory  therapists,  we  as 
managers  need  to  look  as  closely  at  how 
our  services  are  being  utilized  in  other  fa- 
cilities (eg,  the  subacute  SNF)  as  we  have 
in  the  acute  care  hospital.  In  all  instances, 
we  should  help  these  institutions  develop 
programs  for  delivering  respiratory  care 
that  impose  the  rigorous  assessment,  ful- 
fillment of  indications,  and  evidence  of 
effectiveness  specified  by  the  AARC's 
Clinical  Practice  Guidelines.'-"'  The 
standard  of  care  in  these  facilities  must 
parallel  that  in  the  acute  care  setting. 

In  addition  to  delivering  care,  RCPs 
can  be  utilized  as  educators  and  compe- 
tency evaluators  for  the  nursing  staff  of 
the  subacute  facility.  The  goal  of  all 
health-care  managers  in  the  90s  is  to  eval- 
uate health-care  costs  and  assure  appro- 
priate use  of  procedures.  Respiratory  care 
managers  should  assure  that  all  therapies 
utilize  criteria-based  indications.  This 
should  help  reduce  costs.  Nursing  home 
staffs  should  be  taught  to  identify  high- 
risk  patients  and  utilize  therapists  from 
the  hospitals  to  treat  these  patients  on  an 
as  needed  basis. 


In  conclusion,  respiratory  care  man- 
agers involved  in  setting  up  programs  in 
SNF  must  consider  the  health  care/cost 
implications  of  setting  up  transfer  agree- 
ments and  should  demand  that  such  pro- 
grams use  the  Clinical  Practice 
Guidelines. '-""  This  should  occur  not 
only  in  hospitals  but  also  in  clinics,  in 
nursing  homes,  and  in  the  home  care  set- 
ting as  we  deliver  and  monitor  the  use  of 
our  services  in  these  new,  expanded  envi- 
ronments. 

Judy  Tietsort  RN  RRT 

Manager 

Respiratory  Care  Services 

Lutheran  Medical  Center 

Wheat  Ridge,  Colorado 
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Notices  of  compelitions,  sLholurships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  (January  I  for  the  March  issue, 
February  1  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Depl.  1 1030  Abies 
Lane.  Dallas  TX  75:29-4593. 


Notices 


Establishing  a  Lambda  Beta  Chapter 

For  information  on  establishing  a  chapter  of  the  Lambda  Beta  Society,  National  Honor  Society  for  the  Profession  of 
Respiratory  Care,  in  your  school,  write,  call,  or  fax  the  National  Office  of  Lambda  Beta  Society,  1701  W  Euless  Blvd, 
Suite  300,  Euless  TX  76040  (pho  817-283-2835:  fax  817-354-8519). 


Call  for  Abstracts 

Call  for  Abstracts  for  the  5th  International  Conference  on  Pulmonary  Rehabilitation  and  Home  Ventilation,  March 
12-15,  1995,  to  be  held  at  the  Hyatt  Regency  Hotel  in  Denver  CO.  Co-sponsored  by  National  Jewish  Center  for 
Immunology  and  Respiratory  Medicine  and  the  AARC  and  endorsed  by  The  American  College  of  Chest  Physicians. 
For  information,  call  National  Jewish  Office  of  Professional  Education  (303)  398-1000. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARE— 1994/1995  Examination  and  Fee  Schedule 


Examination 
Date 


Application 
Deadline 


CRTT: 


RRT: 


November  12,  1994  September  1,  1994 

March  11,  1995  January   1,  1995 

July  15,  1995  May  1,  1995 

November  1 1,  1995  September  1,  1995 

Decembers,  1994  August  1,  1994 

Junes,  1995  February  1,  1995 

December  2.  1995  August  1.  1995 


CPFT: 
RPFT: 


Examination 
Date 


June  3,  1995 


Application 
Deadline 


April  I,  1995 


December  3,  1994         September  1,  1994 
December  2,  1995         September  1,  1995 


Peri/Ped:       March  11,  1995 


November  1,  1994 


Fee  Schedule 

CRTT 

Active 

Inactive 

—new  applicant; 

$  90.00 

CRTT  Recredentialing: 

$25.00 

$  60.0(1 

— reapplicant: 

$  60.00 

RRT  Recredentialing: 

RRT  Written  and  Clinical  Simulation 

Written  Registry  Examination 

$25.00 

$  60.00 

—  new  applicant: 

$190.00 

Clinical  Simulation  Examination 

$65.00 

$100.00 

— reapplicant: 

$160.00 

CPFT  Recredentialing: 

$25,00 

$  80.00 

Written  Registry  Only 

RPFT  Recredentialing: 

$25.00 

$130.00 

— new  applicant: 

$  90.00 

P/P  Specialty  Credentialing: 

$25.00 

$130.00 

— reapplicant: 

$  60.00 

Membership  Renewal: 

Clinical  Simulation  Only — new  &  reapplicant: 

$100.00 

CRTT/RRT/CPFT/RPFT 

$   12.(X) 

CPFT 

— new  applicant: 

$100.00 

Credential  Venfication 

$  2.00 

$   15.00 

— reapplicant: 

$  80.00 

Replacement  Certificate 

$  6.00 

$  25.00 

RPFT 

Copy  of  NBRC  Directory:  1994 

—new  apphcant: 

$150.00 

Active  Credentialed  Practitioners 

N/C 

$  25.00 

-reapplicant: 

$130.00 

Copy  of  NBRC  1994  Listing  of  All 

Perinaial/Pediatric  Specialty 

Credentialed  Practitioners 

$10.00 

$  25.00 

— new  applicant: 

$150.00 

-reapplicant: 

$130.00 
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CRCE  through  the  Journal 

For  your  information,  the  correct  answers  to  the  50  questions  for  CRCE 
through  the  Journal,  which  appeared  in  the  August  issue  of 
Respiratory  Care,  are  given  below.  No  scores  will  be  available  from 
the  A  ARC  until  1994  transcripts  are  released  in  early  1995.  Deadline  for 
submission  of  answer  sheets  for  CRCE  credit  was  October  1,  1994. 


l.e 

11. c 

21. d 

31.e 

41. a 

2.  a 

12.  b 

22.  a 

32.  a 

42.  d 

3.d 

13.  b 

23.  d 

33.  c 

43.  e 

4.e 

14.  b 

24.  d 

34.  b 

44.  e 

5.b 

15.  b 

25.  e 

35.  a 

45.  a 

6.  a 

16.  e 

26.  c 

36.  c 

46.  b 

7.  a 

17.  e 

27.  d 

37.  d 

47.  b 

8.d 

18.  e 

28.  e 

38.  a 

48.  b 

9.d 

19.  c 

29.  b 

39.  d 

49.  a 

O.a 

20.  e 

30.  e 

40.  c 

50.  c 
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ACLS  INSTRUCTOR  COURSE 

TO  BE  OFFERED  BEFORE  AARC  ANNUAL  MEETING  IN  LAS  VEGAS 

On  Friday,  December  9,  an  American  Heart  Association  (AHA)  Instructor  Course  will  be 
offered  in  conjunction  with  the  AARC  Annual  Meeting.  The  course  will  be  held  at  the  Las 
Vegas  Convention  Center  (site  of  all  AARC  Annual  Meeting  activities),  from  7:30  am  to  6:00 
PM  Successful  participants  will  be  eligible  to  receive  an  ACLS  instructor  card  from  their  local 
AHA  chapter  after  teaching  a  course  under  the  guidance  of  an  experienced  ACLS  instructor. 
The  course  is  being  sponsored  by  the  AARC  Focus  Group  on  Resuscitation  in  Acute  Care 
Hospitals.  Becoming  an  instructor  will  allow  the  successful  individual  to  participate  in  teach- 
ing ACLS  to  respiratory  care  practitioners. 

•  Registrants  need  to  be  current  ACLS  providers  and  provide  a  recommendation  from  their 
last  ACLS  course  director  that  they  have  potential  to  be  an  ACLS  Instructor. 

•  Cost  for  the  course  is  $1 75  per  person.  Deadline  for  registration  is  November  1 ,  1 994. 

•  Minimum  number  of  registrants  is  18  (otherwise  the  course  will  be  canceled);  maximum  is 
36. 

•  Use  registration  form  in  the  Advance  Program  for  the  AARC  Annual  Meeting  which  will  mail 
in  late  summer  to  all  AARC  members.  Register  early  to  ensure  your  place  in  this  unique 
course. 

American  Association  for  Respiratory  Care 
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News  releases  about  new  pniducls  and  ser\ices  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  Respiratory  Care  Journal.  New  Products 
and  .Services  DepI,  1 1030  Abies  Lane,  Dallas  TX  75229-45').V 


PFT  CASEBOOK.  Bicore  Monitoring 
Systems  IncorporutetJ  offers  "Ventilator 
Management  of  Neonates  and  Infants 
Using  Respiratory  Mechanics:  A 
Casebook,"  written  by  William  Cvetnic 
MD  and  Kelvin  MacDonald  CRTT, 
free  of  charge.  This  newly  developed 
casebook  addresses  issues  concerning 
bedside  pulmonary  function  monitor- 
ing and  discusses  waveform  and  loop 
interpretation  through  illustration  on 
over  25  individual  cases.  The  case- 
book covers  a  variety  of  topics  and, 
according  to  Bicore,  is  a  fantastic  tool 
by  which  to  learn  more  about  the  clin- 
ical application  of  pulmonary  moni- 
toring. For  further  information  or 
comments,  contact  Lucy  A  Ponzio, 
Advertising  and  Promotions,  (714) 
380-8649,  extension  124.  Please  men- 
tion Respiratory  Care  when  you 
call. 


COUGH   MACHINE.  The   new 

Emerson  In-Exsuftlator  assists  pa- 
tients in  clearing  retained  bronchopul- 
monary secretions  by  gradually  ap- 
plying a  positive  pressure  to  the  air- 
way via  a  face  mask  or  mouthpiece, 
then  rapidly  shifting  to  a  negative 
pressure.  This  rapid  shift  in  pressure 
produces  a  high  expiratory  flowrate 
from  the  lungs,  simulating  a  cough. 
According  to  the  Emerson  Company, 
this  clinically  tested,  noninvasive 
technique  is  more  effective  than  pos- 
tural drainage,  chest  percussion,  or 
Iraehcal   suctioning   in   removing 


bronchial  mucus  plugs.  Any  patient 
with  an  ineffective  cough  due  to  po- 
liomyelitis, muscular  dystrophy, 
myasthenia  gravis,  spinal  cord  injury, 
or  other  neurologic  disorder  that  caus- 
es respiratory-muscle  paralysis  may 
benefit  from  using  the  In-Exsufflator. 
For  inforination,  contact  Robert  W 
Felt,  Director,  Sales  &  Marketing,  JH 
Emerson  CO,  Dept  RC,  22  Cottage 
Park  Avenue,  Cambridge  MA  02140, 
or  call  (800)  252-1414  and  don't  for- 
get to  mention  RESPIRATORY  CARE. 
{Photo  by  Hutchins,  Watertown  MA) 


Dept  RC,  810  Sharon  Drive.  Westlake 
OH  44145,  or  call  (800)  736-0600,  exten- 
sion 223,  and  mention  RESPIRATORY 
Care  when  you  call. 


MULTI-PROFn.E  SYSTEM.  The 

new  Radiometer  ABL  System  620  is  a 
STAT  Multi-Profile  System  that  mea- 
sures pH/blood  gases,  CO-oxiinetry, 
and  electrolytes  using  only  210  |iL  of 
whole  blood.  This  system  provides 
the  user  with  a  high  degree  of  flexibil- 
ity and  control  with  the  ability  to 
choose  the  profile  or  any  combination 
of  profiles  needed  to  assist  in  the  opti- 
mal diagnosis  and  treatment  for  pa- 
tients in  intensive-care  units.  All  re- 
sults, patient  measurements,  calibra- 
tions, quality  controls,  and  system 
status  reports  are  stored  by  the  on- 
board data  management  system  for 
immediate  viewing  and  assessment. 
The  ABL  System  620  also  features 
Radiometer's  miniaturized,  cordless 
electrodes  with  "click-and-go'  re- 
membraning  kits  and  a  safety-seal 
waste  disposal  system.  For  informa- 
tion, conlaci  Radiomcti-'r  America  Inc. 


ULTRASONIC     NEBULIZER. 

Omron  Healthcare  Inc.  a  leader  in  di- 
agnostic and  home-health  care  prod- 
ucts, introduces  the  new  MICRO-Air 
ultrasonic  nebulizer  (Model  NE- 
U03).  According  to  the  manufacturer, 
the  NE-U03  is  the  lightest,  most  com- 
pact nebulizer  in  the  line;  it  weighs 
just  8  ounces  and  is  completely 
portable.  This  nebulizer  operates  on  4 
AA  batteries  and  comes  complete 
with  an  AC  adapter.  Clinical  studies 
show  the  MICR0-/4(V  to  be  thorough- 
ly efficient,  with  a  particle-size  range 
from  I  to  7  |i  and  989^  medication  de- 
livery. It  features  a  0.3  niL/min  deliv- 
ery rate  and  the  minimum  solution 
volume  needed  to  achieve  nebuliza- 
tion  is  only  0. 1  mL.  In  addition  to  the 
AC  adapter,  this  nebulizer  includes  a 
mask,  mouthpiece,  cairying  ca.se,  and 
mesh  caps.  For  more  information, 
contact  Tracy  Streed  at  Omron 
Healthcare  Inc.  Dept  RC,  300 
Lakeview  Parkway,  Vernon  Hills  IL 
60061,  or  call  (708)  680-6200— men- 
tion RESPIRATORY  Cari-  when  you 
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NEW  PRODUCTS  &  SERVICES 


HOLIER  ANALYZER.  Burdick 
Incorporated  introduces  their  newest 
addition — the  Simplicity  Holter 
System.  This  system  is  a  dedicated 
Holter  system  designed  to  deliver  an  ac- 
curate 24-hour  analysis  of  a  patient's 
cardiac  activity.  As  its  name  implies, 
the  Simplicity  has  been  designed  to  fa- 
cilitate installation  and  use.  It  is  shipped 
with  software  already  loaded  and  step- 
by-step  instructions.  According  to  the 
manufacturer,  users  follow  menu-driv- 
en screens  to  view  data  and  are  able  to 
print  comprehensive  patient  reports  at 
the  touch  of  a  key.  The  manufacturer 
also  claims  that  digitization  of  the  pa- 
tient's ECG  eliminates  frequency  re- 
sponse and  timing  variations  and  re- 
moves the  effect  of  artifact  automatical- 
ly, providing  the  clinician  with  the  most 
accurate  Holter  analysis  possible.  For 
more  information,  contact  your  local 
Burdick  dealer  or  call  Burdick 
Marketing  Services  at  (800)  955-5177, 
extension  205.  Don't  forget  to  mention 
Respiratory  Care  when  you  call. 


OXYGEN  CONSERVER.  Victor 
Medical  announces  the  introduction  of 
oxygen  conservers  for  high-pressure 
cylinders  and  liquid  systems.  According 
to  the  Victor  company  "VOC  Series" 


oxygen  conservers  triple  patient  mobili- 
ty time  while  reducing  the  refill  fre- 
quency required  with  standard  portable 
oxygen  and  responds  to  patient  inhala- 
tion by  dosing  with  oxygen  on  every 
breath,  up  to  40  times/min.The  VOC 
conserver  includes  1 1  flowrate  selec- 
tions and  convenient  continuous  backup 
flow.  The  unit  can  be  used  up  to  40 
hours  without  recharging  and  includes  a 
low-battery  indicator  that  gives  a  visual 
and  an  audible  alarm  when  recharging 
is  required.  The  conserver  weighs  13 
ounces  and  can  be  used  with  cannula 
tubing  up  to  35  feet  in  length.  For  more 
information,  call  (800)  382-8187  and 
mention  RESPIRATORY  CARE  when 
you  call. 


FILTRATION  SYSTEM.  BioSafety 
Systems  is  pleased  to  announce  the 
availability  of  the  HEPA  10  Hooded 
PAPR,  a  NIOSH/MSHA-approved 
HEPA  filtration  system  proven  highly 
effective  against  tuberculosis  and  other 
airborne  diseases.  According  to  the 
manufacturer,  this  hooded  PAPR  fea- 
tures full  hood  protection  with  positive 
airflow  that  keeps  the  user  cool  and 
comfortable  while  the  dual  cape  ensures 
maximum  protection  (protection  factor 
is  1000).  Full-face  visibility  improves 
caregiver-patient  communication  and 
provides  an  ideal  alternative  for  workers 
who  cannot  use  half-mask  or  full-face 


respirators  due  to  facial  hair  or  respira- 
tory problems.  For  additional  informa- 
tion or  a  free  copy  of  our  Respiratory 
Safety  catalog,  please  call  (800)  421- 
6556  and  mention  RESPIRATORY 
Care  when  you  call. 


RHINITIS  THERAPY.  Astra  USA 
announces  that  Rhinocort  (budesonide) 
Nasal  Inhaler,  a  new  once-daily  treat- 
ment for  seasonal  and  perennial  allergic 
rhinitis  in  adults  and  children  aged  6 
years  and  older  and  nonallergic  perenni- 
al rhinitis  in  adults,  is  now  available  by 
prescription  in  the  United  States.  As  ex- 
plained by  Dr  Michael  Fox.  budes- 
onide, the  active  ingredient  in 
Rhinocort.  is  a  potent  anti-inflammato- 
ry glucocorticoid,  although  its  precise 
mode  of  action  in  rhinitis  is  not  known. 
Agents  such  as  these  are  known  to  have 
a  wide  range  of  inhibitory  activities 
against  both  the  cell  types  and  media- 
tors involved  in  allergic  and  nonallergic 
irritant-mediated  inflammation. 
According  to  the  manufacturer,  the  effi- 
cacy of  Rhinocort  nasal  inhaler  has 
been  evaluated  in  20  controlled  clinical 
trials  of  seasonal  and  perennial  rhinitis; 
these  studies  included  more  than  650 
predominantly  Caucasian  patients  of  all 
ages  and  found  statistically  significantly 
reduced  nasal  symptoms  in  the  patients 
who  used  the  drug.  Rhinocort  is  sup- 
plied in  a  7.0-g  canister  containing  200 
metered  doses  of  the  drug.  For  informa- 
tion, contact  your  physician  or  Ken 
Rabin  PhD,  (202)  973-0361.  Don't 
forget  to  mention  RESPIRATORY  CARE 
when  you  call. 
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Calendar 
of  Events 


Nol-lor-profit  organizations  are  offered  a  free  advenisemeni  of  up  lo  eighl  lines  lo  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RISI'IRATORY  Care  Ads  for  other  meetings  are  priced  al  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
tnotiths  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RE.SPIRATORY  CARE. 
1  WW  Abies  Lane.  Dallas  TX  75229-4593. 


AARC  &  AFFILIATES 

October  14  in  Colorado  Springs,  Colorado.  The 

Southern  Chapter  of  the  CSRC  presents  the  First  Annual 
Southern  Colorado  Pulmonary  Medicine  Symposium  at 
the  Hilton  Inn.  Presenters  include  Neil  Maclntyre  MD. 
Keith  Meredith  MD.  Tom  Petty  MD.  Bruce  Rubin  MD. 
and  Jack  Wanger  MBA  RRT  RPFT.  Contact  Barry  Beard 
at  (719)  630-521 1  or  fax  (719)  577-2535. 

October  26-27  in  Sturbridge,  Massachusetts.  The 

Sturbridge  Host  Hotel  and  Conference  Center  is  the  site 
of  the  17th  Annual  Meeting  of  the  MSRC.  Featured  top- 
ics include  PEP  therapy,  health  care  reform,  and  air  med- 
ical transport.  Social  events  include  a  sputum  bowl,  golf 
tournament,  and  dancing.  Contact  Gina  Farquharson, 
MSRC  Executive  Office,  945  Concord  St,  Framingham 
MA  01701.  (508)  620-4505. 

November  5-6  at  Hilton  Head  Island,  South  Carohna. 

The  SCSRC  and  the  Low  Country  AHEC  announce  their 
4th  Annual  Fall  Pediatric  Symposium.  Topics  include 
pediatric  mechanical  ventilation  strategies  for  the  '90s, 
pediatric  trauma,  nitrous  oxide  as  an  investigational  ther- 
apy for  newborns  with  pulmonary  hypertension,  and  ven- 
tilator graphics.  Contact  David  Hayden  at  (803) 
943-5052. 

November  8  AARC  Videoconference.  The  AARC,  in 

conjunction  with  VHA  Satellite  Network,  presents  the  last 
installment  of  a  6-part  videoconference  series  titled 
"Professor's  Rounds  in  Respiratory  Care."  The  final  presen- 
tation of  1994  is  entitled  'The  New  Ventilator  Management: 
Permissive  Hypercapnia  and  Other  Variations  on 
Conventional  Mechanical  Ventilation"  (one  CRCE  credit 
hour).  The  live  program  runs  from  1 2:30-2  pm  Eastern  Time. 
Call  VHA  Satellite  Network  at  (214)  830-(X)61. 

December  9  in  Las  Vegas,  Nevada.  The  AARC  and  its 

Board  ol'  Medical  Advisors  present  a  postgraduate  course 
for  medical  directors  and  other  physicians  the  day  before 
the  Annual  Meeting.  The  program  is  approved  for  6 
Category  I  credit  hours  t)f  the  Physician's  Recognition 
Award  of  the  American  Medical  Association.  Lecture 
topics  include  ethical  dilemmas  in  the  ICU.  TB  as  an 
occupational  hazard,  cost-effective  management  of  criti- 
cal illness,  and  all  aspects  of  providing  respiratory  care  by 
protocol.  Contact  the  AARC  at  (214)  243-2272  or  fax 
(214)  484-2720  to  request  that  a  complete  course  descrip- 
tion and  registration  form  be  sent  to  your  medical  director 
or  other  interested  physician. 


December  10-13  in  Las  Vegas,  Nevada.  The  AARC  pre- 
sents its  40th  Annual  Convention  and  Exhibition,  "'A  New 
Vision,"  at  the  Las  Vegas  Convention  Center.  For  informa- 
tion, contact  the  AARC  at  (214)  243-2272.  fax  (214)  484- 
2720. 

February  14-17, 1995  in  Reno,  Nevada.  The  NSRC  and 

the  American  Lung  As.sociation  of  Nevada  present  the  14th 
Annual  High  Sierra  Critical  Care  Conference  at  the 
Peppermill  Hotel/Casino.  The  4-day  conference  covers  crit- 
ical care  topics  in  adult,  pediatric,  and  neonatal  medicine. 
Contact  Colleen  Banghart,  American  Lung  Association  of 
Nevada,  PO  Box  7056,  Reno  NV  895 10. 

OTHER  MEETINGS 

October  14-16  in  San  Diego,  California.  The  American 
Subacute  Care  Association  (ASCA)  hosts  its  annual  con- 
ference at  the  Radisson  Hotel-Mission  Valley.  The  theme 
is  "The  Future  of  Subacute  Care."  Leaders  from  several 
agencies  including  the  Health  Care  Financing 
Administration  and  the  National  Institutes  of  Health 
speak  on  topics  that  include  reimbursement,  facility 
design,  subacute  standards,  managed  care,  pediatric  sub- 
acute care,  outcome  information,  and  legal  issues. 
Contact  Concepts  Meeting  &  Trade  Show  Management 
at  (619)  434-3737. 

October  19  in  Norwalk,  Connecticut.  "Diagnosis  and 
Treatment  of  Carbon  Monoxide  Poisoning:  Current  State 
of  the  Art"  at  Norwalk  Hospital  features  speaker  Stephen 
Thorn  MD  PhD.  director  of  the  Institute  for 
Environmental  Medicine  at  the  University  of 
Pennsylvania.  CRCE  credit  is  available;  preregistration  is 
required.  Cost  is  $50.  Send  checks  payable  to  the  Section 
of  Pulmonary  Medicine.  Norwalk  Hospital.  Maple  Street, 
Norwalk  CT  06856.  Contact  Dennis  Selmont  EdD  at 
(203)  852-2484  or  fax  (203)  852-2738. 

October  27  in  Birmingham,  Alabama.  The  Respiratory 
Care  Services  Department  of  the  Children's  Hospital  of 
Alabama  hosts  its  4th  Annual  Perinatal/  Pediatric  Clini- 
Course.  Topics  include  utilizing  the  BiPAP  system  for 
pediatric  respiratory  problems,  the  ABCs  of  pediatric 
trauma,  weaning  protocols,  and  patient-focused  care.  The 
presentations  include  "Am  I  Employable  in  a  Managed 
Care  Environment?"  Contact  Susan  Forrest  at  (205)  939- 
9675. 

November  4-5  in  Chapel  Hill,  North  Carolina.  The 

University  of  North  Carolina  (UNO  School  of 
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Medicine's  Department  of  Surgery,  the  Office  of 
Continuing  Medical  Education  (CME),  and  the  UNC 
Hospitals  Department  of  Respiratory  Care  and 
Nursing  are  sponsoring  a  2-day  symposium  entitled 
"Critical  Care  1994."  Day  1  features  topics  pertinent 
to  all  health  care  workers.  Day  2  focuses  on  contro- 
versies in  mechanical  ventilation.  Contact  the  Office 
of  CME  at  (919)  962-21 18  or  fax  (919)  962-1664. 

November  7-10  in  Orlando,  Florida.  The  American 
Association  of  Homes  and  Services  for  the  Aging 
(AAHSA)  announces  its  33rd  Annual  Meeting  and 
Exposition  at  Partnership  Plaza.  The  conference  pro- 
vides professionals  and  consumers  with  discussion, 
dialogue,  and  demonstrations  of  programs,  products, 
and  services  for  independent  living.  Leaders  from 
both  the  aging  and  disability  networks  in  North  and 
South  America,  Europe,  Africa,  Asia,  and  Australia 
are  featured.  Call  the  AAHSA  Annual  Meeting 
Information  Hotline  at  (202)  508-9400. 

February  5-8,  1995  in  Breckenridge,  Colorado.  The 

American  College  of  Chest  Physicians  sponsors 
"Cardiopulmonary  Wellness  and  Rehabilitation"  at  The 
Village  at  Breckenridge  Resort.  Contact  Arlene 
Karavich,  American  College  of  Chest  Physicians,  3300 
Dundee  Rd,  Northbrook  IL  60062-2348.  (708)  498- 
1400. 


March  12-15, 1995  in  Denver,  Colorado.  The  AARC  and 
the  National  Jewish  Center  for  Immunology  and 
Respiratory  Medicine  announce  the  5th  International 
Conference  on  Pulmonary  Rehabilitation  and  Home 
Ventilation  at  the  Hyatt  Regency  Hotel.  Postgraduate 
workshops  on  pulmonary  rehabilitation,  home  ventilator 
care,  sleep  disorders,  smoking  cessation,  and  transtracheal 
oxygen  are  offered  before  and  after  the  conference.  The 
deadline  for  receipt  of  abstracts  for  poster/oral  presenta- 
tions on  original  research  and  clinical  observations  is 
November  1,  1994.  Contact  the  National  Jewish  Office  of 
Professional  Education  at  (303)  398-1000. 

April  1-7,  1995  in  Miami,  Florida.  The  Ventilation 
Assisted  Children's  Center  ( VACC)  of  the  Division  of 
Pediatric  Pulmonology  in  Miami  Children's  Hospital 
hosts  its  annual  VACC  Camp  for  ventilation  assisted 
children  and  their  families.  The  program  includes  swim- 
ming, field  trips,  structured  games,  and  campsite  enter- 
tainment. The  campsite,  the  Leisure  Access  Center  at 
metro  Dade  county's  AD  Barnes  Park,  is  a  handicapped- 
accessible  urban  park  located  2  miles  from  the  hospital. 
Medical  staff  and  equipment  are  available  24  hours-a- 
day.  Contact  Cathy  Klein,  VACC  Program  Coordinator, 
Division  of  Pediatric  Pulmonology,  Miami  Children's 
Hospital,  3200  SW  60  Court,  Suite  203.  Miami  FL 
33155-4076.  (305)  662-VACC. 


American  Association  for  Respiratory  Care 

40th  Annual  Convention  and  Exhibition 

December  10-13,  1994  •  Las  Vegas,  Nevada 
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Videotapes... 

The  Latest  In  Technology  And  Techniques  For 
Respiratory  Care  Practitioners 


Pulmonary  Rehabilitation 

Bv  John  E.  Hodgkin,  MD.  Provides  an  overview  of  the  sequence  for 
pulmonan-  rehabilitation.  Learn  candidate  evaluation  and  selection, 
rehabilitation  team  establishment,  identification  of  short-  and  long-term 
goals,  program  components,  assessment  of  patients'  progress,  and  long- 
term  follow-up.  Discusses  aerosol  therapy,  IPPB,  oxygen  therapy,  and 
chest  physiotherapy  in  the  treatment  of  COPD.  60  minutes. 
Item  VT7 

Sleep  Apnea 

By  Alan  K.  Pierce,  MD.  Explams  how  sleep  stages  are  related  to 
respiratory  patterns  and  blood  gas  values  in  both  normal  and  abnormal 
subjects.  Includes  a  discussion  of  the  criteria  for  defining  the  sleep  apnea 
syndrome  and  the  distinguishing  features  of  central,  obstructive,  and 
mixed  causes  of  apnea.  Also  addressed  is  the  efficacy  of  medical 
treatment  to  correct  specific  types  of  sleep  apnea.  60  minutes. 
ItemVTII 

Practical  IManagement  of  ARDS 

By  David  J.  Pierson,  MD.  Adult  respiratory  distress  syndrome  is  defined 
in  this  informative  tape  and  its  clinical  features  described,  including 
incidence  of  risk  factors  and  clinical  predictors.  Also  extensively 
discussed  is  the  use  of  PEEP  to  treat  ARDS,  including  goals, 
complications,  best  or  optimal  PEEP  levels,  PEEP  trials,  and  PEEP 
withdrawal,  as  well  as  general  treatment,  prognosis,  and  sequelae  of 
ARDS.  60  minutes. 
Item  VT16 

Pressure  Support  Ventilation 

By  Neil  Maclntyre,  MD.  This  presentation  defines  and  describes  the 
physiologial  considerations  attributed  to  PSV  and  the  clinical  situations 
when  PSV  may  be  useful.  Includes  comparisons  when  low-pressure 
levels  and  high-pressure  levels  of  PSV  are  offered.  Discussion  includes 
using  PSV  to  help  overcome  resistance  for  intubated  patients  and  as  an 
augmented  ventilatory  mode  of  weaning.  60  minutes. 
Item  VT17 

Drainage  of  tlie  Pleural  Space:  Management  of  Chest  Tubes 
and  Bronchopleural  Air  Leak 

By  Marth.i  1  ,  Tyler,  RN,  RRT.  learn  the  physiologic  effects  of  abnormal 
pleural  space  function  and  the  potential  problems  associated  with  chest 
tubes  stripping,  difficulties  of  bronchopleural  air  leaks  with  mechanical 
ventilation,  the  therapeutic  goals  of  chest  tube  placement,  and  lechniqucs 
for  maintaining  gas  exchange  with  air  leaks.  60  minutes. 
ltemVT21 


Clinical  Use  of  the  Swan-Canz  Catheter 

By  John  Marini,  MD.  Clinical  applications  of  data  obtained  by  Swan-Ganz 
catheter  placement  and  the  situations  in  which  SGC  placement  are  useful 
are  described  in  this  video.  The  clinical  value  of  the  clinical  variables 
monitored  by  SGC  and  the  complications  of  its  placement  are  detailed, 
including  "damping"  of  the  waveform,  "overwedging,"  and  optimal  lung 
zone  placement.  60  minutes. 
Item  VT22 

Fetal  Lung  Development 

By  Charles  Rosenfeld,  MD.  Examines  the  four  anatomical  phases  of  fetal 
lung  development  along  with  a  discussion  of  the  biochemical  development 
of  the  fetal  lung  through  gestation.  Includes  a  description  of  the  substances 
in  surfactant,  the  importance  of  their  timely  development,  and  the  methods 
used  to  assess  fetus  survivability  by  using  tracheal  aspirant  to  identify  the 
necessary  ratios  of  the  phospholipids  making  up  surfactant.  60  minutes. 
Item  VT23 

Theory  and  Application  of  Neonatal  Ventilation 

By  Robert  Chatburn,  RRT.  Knob-turning  in  the  neonatal  intensive  care 
unit  should  be  a  profound  activity  because  it  often  has  profound 
consequences.  Adjustment  of  a  single  control  on  a  ventilator  generally  has 
multiple  effects,  and  thorough  consideration  of  how  controls  are 
interrelated  is  essential  for  optimum  care.  Presents  a  well-organized  and 
systemic  approach  for  managing  mechanical  ventilation.  60  minutes. 
Item  VT25 


$35  each  ($40  nonmembers) 

Available  in  VHS  only 


Save! 

Order  the  Complete  Set 
of 20  Tapes 

Item  VT88  $420  ($480  nonmembers) 


To  Order  by  Credit  Card  or  Purchase  Order,  Call  the  RC  Week  I  lotline  at  (214)  620-0301. 


Tissue  Oxygen  Delivery 

By  David  R.  Danizkcr,  MD.  Discusses  the  relationship  between 
adequate  tissue  oxygenation  and  adequate  energy  production,  the 
development  of  lactic  acidosis,  and  the  probable  role  of  tissue  hypoxia  in 
the  multiple-organ  failure  of  ARDS.  Also  discusses  the  factors  that 
govern  oxygen  transport  to  the  tissues  and  the  variables  that  reflect  the 
adequacy  of  tissue  oxygen  transport.  60  minutes. 
Item  VT26 

IManaging  the  Worl(  of  Breatliing  During 
IMechanical  Ventilation 

By  John  Marini,  MD.  Learn  about  the  work  of  breathing  and  ways  in  which 
it  can  be  minimized  in  the  clinical  setting  on  patients  receiving  mechanical 
ventilation.  Focuses  on  diminishmg  the  breathmg  workload  through 
quantifying  the  effort  during  mechanical  ventilation  via  direct  measures 
such  as  oxygen  consumption,  electromyography,  pressure-time  index,  and 
external  work  of  breathing,  as  well  as  indirect  measures.  60  minutes. 
Item  VT27 

Pressure  Support  Update 

By  Neil  Maclntyre,  MD.  Reviews  pressure  support  ventilation  and  how 
it  is  used.  Explains  waveforms  for  airway  pressure,  flow,  and  volume. 
Also  illustrates  the  measurement  of  inspiratory  muscle  loads  by 
pressure-time  index  and  muscle  Vq?  and  demonstrates  how  muscle 
efficiency  changes  as  the  character  of  work  changes.  Includes  examples 
of  low-  and  high-level  PSV  for  elimination  of  the  imposed  work  of 
breathing  and  as  a  weaning  tool.  60  minutes. 
Item  VT28 

Tlie  Hospitalized  COPD  Patient:  10  Commandments 
for  the  Clinician 

By  David  J.  Pierson,  MD.  Takes  you  inside  the  decision-making  process 
of  caring  for  a  respiratory  care  patient  with  chronic  obstructive 
pulmonary  disease.  Details  the  10  rules  for  the  clinician  to  follow  when 
the  COPD  patient  enters  the  hospital.  Emphasis  is  on  the  "what  not  to 
do."  60  minutes. 
Item  VT29 


Monitoring  Respiratory  Mechanics  During 
Mechanical  Ventilation 

Bv  Robert  L.  Chatburn,  RRT.  Explains  how  physical  and  mathematical 
models  are  developed  and  applied  and  how  they  are  incorporated  into 
ventilator  design  to  provide  estimates  of  mechanics.  Also  explains  some 
of  the  problems  that  can  develop  because  of  the  limitations  of  the 
models.  60  minutes. 
Item  VT30 

ARDS  Review 

B\-  Tony  Dal  Nogare,  MD.  Discusses  the  latest  developments  in  risk 
factors  and  treatment.  Also  covers  the  five  diagnostic  criteria  that  must 
be  present  to  make  an  accurate  diagnosis  of  ARDS,  including  clinical, 
radiographic,  and  physiologic  criteria.  60  minutes. 
Item  VT31 

Sleep  Disorders 

By  Brian  Foresman,  DO.  A  discussion  of  the  physiology  of  sleep  and  the 
kinds  of  respiratory  and  nonrespiratory  sleep  disorders  seen  in  the 
hospital.  Discusses  how  to  spot  sleep  apnea,  the  problems  caused  by  the 
inpatient  hospital  setting,  sleep  disorder  diagnosis,  and  treatment. 
60  minutes. 


Uses  and  Abuses  of  Noninvasive  Monitors  in 
Respiratory  Care 

By  Dean  Hess,  MEd,  RRT.  Presents  a  discussion  of  how  much 
noninvasive  monitoring  is  needed,  proof  of  false  positives,  its  financial 
impact,  and  its  future.  Discusses  the  various  methods:  transcutaneous, 
pulse  oximetry,  and  capnography.  54  minutes. 
Item  VT33 

Nutrition  and  Respiratory  Care 

By  Rich  Branson,  RRT.  Explains  the  relationships  and  interactions  of 
malnutrition  on  ventilatory  drive,  respiratory  muscles,  lung  structure, 
and  immunity.  Further  discusses  the  effects  of  nutrients  on  the 
respiratory  system,  particularly  the  nutritional  support  needed  by 
mechanically  ventilated  and  COPD  patients.  60  minutes. 
Item  VT34 

Smoking  Cessation:  Intervention  Techniques  for  the 
Respiratory  Care  Practitioner 

By  Kathleen  A.  Smalky.  MD,  MPH.  Covers  four  major  aspects  of 
smoking  cessation  —  the  impact  of  smoking  on  illness  and  mortality, 
behavioral  components,  current  cessation  programs,  and  effective 
intervention.  Discusses  identification  of  the  physically  addicted  smoker 
and  the  effects  of  nicotine  withdrawal.  43  minutes. 
Item  VT35 

Hospital  Acquired  Pneumonia 

By  Galen  B.  Toews,  MD.  Provides  information  on  the  epidemiology, 
pathogenesis,  and  management  of  nosocomial  pulmonary  infections. 
52  minutes. 
Item  VT36 

New  Approaches  to  the  Treatment  of  Asthma 

By  Roger  Bone,  MD.  This  videotape  discusses  physician-directed  adult 
patient  education  and  self-management  programs  using  a  peak  flow 
meter.  Includes  information  on  the  morbidity  and  mortality  of  asthma, 
therapy  goals  from  the  National  Asthma  Education  Program,  and  the 
beta-agonist  controversy.  Explains  the  "step  care"  treatment  approach 
and  the  complications  of  mechanical  ventilation  in  status  asthmaticus. 
60  minutes. 
Item  VT37 
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Information  Requests  or 
Change  of  Address 


Type  of  Instn/Practice 
J  Hosp  >  500  or  more  bed 
J  Hosp  300  to  499  beds 
J  Hosp  200  lo  299  beds 
J  Hosp  100  to  199  beds 
J  Hosp  ■;  1 00  or  less  bed 
J  Skilled  Nursing  Facility 
J  Home  Care  Practice 
J  Scfiool 
Department 
*  J  Respiratory  Therapy 

I  _l  Cardiopulmonary 

'.  -)  Anesthesia  Service 
)  _l  Emergency  Dept 

II  Specialty 

J  Clinical  Practice 
'  J  Pennatal  Pediatncs 
1    J  Cntical  Care 
'   _1  Clinical  Research 
I    J  Pulmonary  Function  Lat 
i   J  Home  Care/Rehab 
'    J  Education 
I   J  Management 
V  Position 
k  J  Depi  Head 
i  J  Chief  Therapist 
;  J  Supervisor 
)  J  Staff  Technician 
[  J  Statt  Therapist 
■    J  Educator 
3  _)  Medical  Director 
^  J  Anesthesiologist 

J  Pulmonologisl 
I    J  Other  UD 
i.   J  Nurse 

/  Are  you  a  member  of  the  f 
I    J  Yes  2   J  No 


J  Hosp  200  to  299  beds 
_l  Hosp  100  to  199  beds 

.  J  Skilled  Nursing  Facility 
.  _J  Home  Care  Practice 

J  School 

Department 
,  J  Respiratory  Therapy 
1  J  Cardiopulmonary 
:  J  Anesthesia  Service 
I  _J  Emergency  Dept. 
I  Specialty 

J  Clinical  Practice 

J  Pennatal  Pediatncs 

J  Cntical  Care 

J  Clinical  Research 

J  Pulmonary  Function  Lab 

J  Home  Care/Rehab 

J  Education 

J  Management 
J  Position 
>  J  Dept  Head 
I  J  Chief  Therapist 
;  J  Supervisor 
)  J  Staff  Technician 
:   J  Staff  Therapist 

J  Educator 
i  J  Medical  Director 
i  J  Anesthesiologist 

J  Pulmonologisl 

_)  Other  MD 
:  J  Nurse 
'  Are  you  a  member  of  Ihe  / 

J  Yes 
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Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


0.5  t(s) 


Occlusion-pressure 


i  P    i 

i  20! 

:      oL 

:   -10: 

i       0  ^ 


Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Ctiantilly.  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 


Circle  101  on  reader  service  card 


VQLDYNE 


Volumetric  Incentive  Deep-Breatiiing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  250' 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 

improving  patient  performance  and  progress. 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 
reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  information,  contact  your  Sherwood  O  R  I  Critical  Care 
Repreientatwe  or  call  ,   g-      otc  T/m 

1-800-3  J  5-7472    (outside  Missouri) 

1-800-392-7318     in  Missouri 
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